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THE CATASTROPHE AT SAMOA. 


TOWARD the end of March the terrible news circu- 
lated through Germany that our squadron of war ves- 
sels which were lying at anchor in the harbor at Apia, 
at the island of Upolu, one of the Samoan group, had 
been destroyed by a hurricane. The squadron con- 
sisted of the corvette cruiser Olga, the cruiser Adler, 
and the gunboat Eber. Apia lies on the north side of 
the island of Upolu, on a natural harbor which is semi- 
circular in shape and is protected from the breakers 
by a coral reef. A depression in the middle of the reef 
forms a comfortable and safe entrance, but when there 
is a northerly wind the strong currents of the sea are 
freely admitted to the harbor. The harbor is also di- 
vided into two unequal parts by a reef projecting from 
the land, the smaller one of which offers very little 
room for vessels, but is more protected than the larger 
one, in which there is space enough to accommodate 
from twenty to twenty-five large ships, but the latter 
cannot be considered a safe roadstead. In this part 
of the harbor the three German vessels lay at anchor 
on March 16, when, toward evening, a hurricane broke 
upon them suddenly, rendering it impossible for the 
ships to gain the open sea. The storm lasted with un- | 
abated violence throughout the whole night, and dur- | 
ing all this time impenetrable darkness reigned. The 
masts and yards were shivered, and one immense wave 
after another broke over the deck, so that all of the 
crew were forced to seek shelter below. Aft dawn the 
anchor chains of the Eber broke, leaving her at the 
mercy of the elements; she was raised by a gigantic 
wave and hurled upon a coral reef, but bounded back 
and sank with all on board. The water had scarcely 
closed over its first victim when a terrible flood wave 
raised the Adler with its anchors and threw it ona 
jagged coral reef, where it lay keel uppermost. Many 
of the crew of the Adler were nea after a bard 
struggle with the waves, but ten of the crew of the 
Eber who happened to be on shore were the only ones 
belonging to that vessel that were left. Of the three 
vessels, only the Olga outlived the storm. Torn from 
her anchors and without a rudder, she was driven 
ashore and stranded the next morning, se that the 
whole crew was saved. The most untiring and heroic 
assistance was rendered by King Mataafa and his peo- 
ple, and he is the prince for whose subjection the ves- 
sels were sent to Samoa. The loss to our young navy 
would have been great even if the ships bad not been 
of the best, but by far the most painful feature of the 
catastrophe was the loss of human life.—Ueber Land | 
und Meer. 


THE ORIGIN AND MANUFACTURE OF 
PLAYING CARDS.* 


ing, it may be that this date is open to question. An 
Italian chronicle gives the year 1 as that when the 
game was introduced into Viterbo; and the records 
of the city of Nuremberg make mention of cards be- 
tween the years 1380 to 1384. But Mr. Bond, late prin- 
ci librarian of the British Museum, has called a 
witness as to dute which is of interest, for in that col- 
lection he has found a Latin MS. entitled ‘‘ De Moribus 
et Disciplina Humane Conversationis,” which contains 
a moralization of the game of cards ; its author, who 
describes himself as ‘‘ Johannes in ordine predicatorum 
winimus Theutonicus,” asserting that cards were in- 
troduced in the country in which he was writingin the 
then year 1877. Translating him, he says: ‘* Hence 
it is that a certain game called the game of cards (Lud- 
us cartarum) has come to us in this year 1377 ;” and he 
goes on to say, “but at what time it was invented, 
where, and by whom, I am ignorant. But this I say, 
that it is of advantage to noblemen and to others, 
especially if they practice it courteously and without 
money.” 

I should like to quote at length from this treatise did 
time permit, as it has avery capital description of a 
game of cards, but its interest has special reference to 
one of the points to which I propose to call attention 
in respect to cards, viz., the intense conservatism which 
has belonged to their pictorial aspect for 500 years. 
In the first chapter he treats ‘‘ de materia ludi et de di- 
versitate instrumentorum, ” and he says that ‘in the 
game which men call the game of cards they paint the 
cards in different manners, and play with them in one 
way and another,” showing that they were well known, 
and had been in use sufficiently long for more than one 
kind of game to be played with them, and further, ‘as 
the game came to us, there are four kings depicted on 
four cards, and each one holds a certain sign in his 
hand, and that under the king are two ‘ marichali,’ the 
first of whom holds the sign upward in his hand, and 
the other holds the sign downward in his hand.” These 
two marshals ave represented in the cards of the 15th 
century, and onward, by the queens and knaves, or 
variets, and it is very interesting to note that in the 
hands of the knaves of the playing ecards of to-day the 
staves are in two of them held upward and in the 
other two downward. He goes onto say that under 
these first named three cards there are to each king 
ten other cards, on each of which the king’s sign is 
placed, on the first once, on the second twice, and so 
on; and thus we have in the year 1377 conclusively 
not only a fixed date, but also the fact that the pac 
consisted of 52 cards, disposed in four groups of 13 each. 
He was clearly writing not of the tarot pack of 78 cards, 
of which I shali speak presently, but of the picquet 
pack of 52 cards as best known now to us; therefore it 
may be with certainty assuwed that this year might be 
considerably antedated to arrive at a period indicative 





By GEORGE CLULOW, F.R.G.8. 


THE titie of the lecture which has been announced for 
this evening is ** The Origin and Manufacture of Play- | 
ing Cards.” It is well that the subject has been lim- 
ited to these two divisions, because, to do them justice, 
either would require far more time than it is usual to 
give on such occasions as the present ; while toattempt 
to treat playing cards under ail their aspects would in| 
effect be a history of the art of engraving, of the me- | 
chanical art of printing, and of the social manners of 
the people of Europe for the past 500 years. 

Playing cards are now spread all over the world, and 
form the amusement of not only the cultured but of 
the so-called barbarous people of almost all countries, 
from the Apache Indians-—who, at this day, use strips 
of sheepskin on which they paint rude imitations of the 
Spanish playing cards of 200 years ago—to the wily 
Hindoo with his circular cards, and their series of re- 
presentations of the avatars of Vishnu, and suit signs in 
which with those of the western “tarot” there is still 
to be traced a common origin. Where are cards not 
played ? Wherever the European has penetrated there 
ecards have followed—often may be in the knapsack of 
the soidier, cards following conquest ; but in spite of 
their universal adoption as a means of recreation, they 
are probably more obscure in their origin than any 
other of the games of which we have any written know- 
ledge, and they are a most curious and attractive sub- 
ject to the archwologist and to the student of human 
nature. 

It is necessary just for a moment to mention the use 
of cards for other than a purely recreative purpose, and 
which brings them within a broader range of interest. 
The disposition to seek decision upon matters which 
eannot come within the exact knowledge of the indi- 
vidual, by means which imply reliance upon the doc- 
trine of chances, would seem to be almost an intuitive 
desire with mankind, and it is from this desire that the 
spirit arises which we call “‘ gambling;” this is a peculiar 
attribute of the human animal, and we may, without 
risk of being considered over-speculative, assume that 
playing cards, whatever may have been the material 
of which they were made, were from the first made for 
divinatory purposes and for ‘“‘ gambling "—divination 
being but a gambling with the possibilities of the 
future, and thus, when so used, taking the place of the 
oracle of the Greeks and the augur of ancient Rome. 

The origin of cards has been speculatively placed at 
a period which, so far as accurate knowledge of the 
subject goes, can hardly be termed historic, but I pro- 
pose only to take dates which may be reliably traced 
and proved by existing authorities. 

It is popularly considered that playing cards had 
their origin in the year 1392, and that they were in- 
vented as a means of amusing Charles VI. of France: 
but there can be no question that the cards upon which 
such erroneous conclusion has been formed, and some 
seventeen of which still exist in the National Library in 
Paris, were but repetitions of models which had been 
in use long before; these cards, from the painstaking 
elaboration which has been expended upon them, being 
evidently specially prepared as cartes de luge for the 
king, who would certainly have been familiar with 
their use in the ordinary form. These cards are fine 
a of delicate painting, and they have about 
them a mysterious grotesqueness which gives them a 
strange attraction ; and you have a fac-simile of one of 
them now before you. We have in the German treatise, 
‘Das Guldin Spil,” printed in 1482, an assertion that 
the game of cards was introduced into Germany in the 
year 1300, but the manuscript authority being want- 








* A paper lately read before the Society of Arts, London, From the 
Journal of the soviety, 





| of the origin of the game of which he writes. 


In the National Library in Paris there is a MS. 
translation of the Cité de Dien of Saint Augustin, by 
Raoul de Presle, of the date 1375, which has a minia- 
ture representing three personages sitting at a table 
and playing at cards ; and in the ** History of Jean de 
Saintre,” who was a page of Charles the Fifth, we find 
the governor of the pages reproaching them for play- 
ing at cards, while in the ‘Pilgrimage of Man,” a 
poem composed in 1350 by William de Guilleville, and 
printed by Verard in Paris in 1501, we find, ‘‘ Jeux de 
tables et de cartes.” 

There are earlier dates referred to in various MSS., 
one of them so early as 1299, but they are more or less 
open to doubt, on the grounds of want of accuracy in 
copying, but taking the evidences before us, and allow- 
ing for questionable authority, we may take it as a 
fact that playing cards were in common use in the 
early part of the 14th century, and that thus to assign 
a period of 500 years for their familiar use is quite 
within the mark. 

“Tarot” cards are the earliest form of playing cards 
known to us,and we have to account for their intro- 
duction into Europe by means of the gypsies—sup- 
posedly some pariah or low caste Hindoo race, swept 
by a northern irruption westward through Persia and 
Arabia, through Egypt, and along the Mediterranean 
into Spain, and so through Europe. Cards in connec- 
tion with gypsies are matters of common recognition, 
and fortune telling and gypsies are almost synonymous. 
In Southern Europe, as in England, cards are part of 
the stock in trade of this wandering and predatofy 
race of curious people. Tarots are not known to us in 
England except as curiosities, awakening speculation 
by the strange series of 21 ‘“‘ atouts”—the major card, 
known as the “fou,” and the four “‘ cavaliers,” which, 
together with the usual 52 cards, make up the tarot 
— of 78. Tarots are still made in France, ee in 

taly, and in lesser quantity in Germany, and they 
have preserved, with little variation, the same singu- 
lar features as to the *‘ atouts” which were seen in the 
tarot cards of 400 years ago. The cowparison of a pack 
of a date about 1500 with one of Italian manufacture 
of the present day shows among the four variations 
which occur among the “atouts,” a card bearing a 
similar figure to that now named “le pape,” but then 
named ‘la papesse,” a seeming survival of the fabu- 
lous story of the election, in the 9th century, of a 
female pope. The cards known as the cards of Charles 
VI. belong to a tarot pack, and you have now on the 
screen a fac-simile of one of them. 

“Tarot,” or tarocchi, is still played in Southern Enu- 
rope, and it is to this game that we owe the creation 
of the very artistic series of designs by Mitelli, which 
illustrates the tarocchi of Bologna, produced about the 
year 1664. I do not follow the ingenious but far- 
fetched fancies of Court de Gebelin, who, in 1781, 
wrote a very remarkable article on the subject of 
tarots, finding all through them an entirely Egyptian 
origin; but we have enough before us to enable us to 
adopt the tarot cards as the earliest form of playing 
cards, and to see in them a distinctly Eastern symbol- 
ism, which fits them to the hypothesis that it is to the 
gypsies that we may look as the carriers of the game 
westward from the East. To discuss the features of 
Chinese playing cards, and to find in them some re- 
markable semblance to the tarot cards, would take us 
too far afield, but such resemblances cannot but sug- 
gest a common origin, and when the intense conserva- 
tism of the Chinese be borne in mind, we may well 
conjecture for their cards a date far beyond anything 
within our historic period. In this immediate connec- 








sword, money, and bells, as iu the wodern tarot packs 
of Europe. It is <7 to follow this idea on to the 15th 
century, and to link the past and the present by a 
reference to the names aye the earliest existing ex. 
awmples of cards bearing the suit signs best known to 
us in England, viz., spades, diamonds," hearts, and 
clubs, for on these early examples we find, not the 
heroes of that period, but those of an earlier period 
“* Coursube,” “* Appollin,” ete. ; 

It being conceded that cards were of Eastern origin 
it needs only for us to trace the natural course of travel 
westward for us to name the country which in Europe 
may claim their first adoption, and as this course would 
certainly be along the northern African coast to Tan- 
gier, it is in Spain that we may reasonably look for their 

rst foothold; and this idea is strengthened by the fact 
that all the earliest games of cards are of Spanish in- 
vention, and that the Spaniards have to this day re- 
tained the distinctive suit signs of cups, money, swords, 
and batons, as in the older tarot cards. 

I refer again to the Italian chronicle, which gives the 
year 1379 as that of their introduction into Viterbo, 
only to note that it speaks of them as coming from the 
Saracens, who called them ‘* Naib,” and we have a sur- 
vival of this word in the name * Naipes,” by which 
— playing cards are known in Spain at this 


ay. 

We have, however, to deal now more with the period 
when playing cards, in the form in which they are 
familiar to us, were first known in the country from 
whence they reached us. We may with certainty place 
this date as the middle of the fifteenth century, and 
the wars of that country with Spain may well have 
enabled the knowledge of them to pass from the one 
country to the other. 

In the absence of actual proof of the date of intro-. 
duction of the suit signs known as the French, or 
‘**Piquet,” and to us as hearts, spades, diamonds, and 
clubs, we have to bridge over a considerable interval 
to reach the middle of the fifteenth century, when we 
have numerous ~xisting examples of cards bearing 
those signs (two of the earliest of them are here shown), 
and it is to this period that so much interest attaches 
as that coincident with the invention of the art of 
wood engraving. With this invention, and the means 
which it gave for easy and rapid multiplication, we 
may well look for an expansive growth and use of play- 
ing cards. It has been said that the wood engravers 
produced blocks for cards before they produced those 
for Bibles, and we may well believe this to have been 
the case, for the recreations of the people have always 
had a more easily accessible place than their religion. 
The fifteenth century is that of the invention of engrav- 
ing on wood and on metal, by either of which methods 
design could be multiplied indefinitely; and when print- 
ing, full grown and equipped, sprang into existence, it 
found waiting for it the art of the engraver to aid, by 
graphic delineation, the wondrous spread of knowledge 
of which it was to prove the creator. 

Going onward, to find a period for the introduction 
of cards into England which should be somewhat ap- 
proximate to the date of the invention of wood engrav- 
ing and of printing, we reach the reign of our King 
Henry VI.; and the constant wars between this conntry 
and France under Charles VII., and the crowning of 
Henry VI. at Paris as king of France, furnishes us 
with an easy conjecture as to the time and cireum- - 
stance under which French cards would find their way 
into England, and serve as the models thereafter for 
the cards wanufactured there. We now, however, 
reach the region of fact, and have documentary proof 
in support of dates, for in a list of articles, the exporta- 
tion of which was prohibited, mentioned in an act of 
the 3 Edward IV., 1463, passed for the protection of 
the tradesmen of London, we find ‘cards for playing ;” 
proving their familiar use before that period. From 
this time onward we find frequent mention of them in 
legal enactments, made in protection of the home 
manufacture and for the regulation of the pastimes of 
the people; and it is among other items amusing to 
find that when James IV. of Scotland came a-wooing 
Margaret, the daughter of Henry VII., he found her 
playing at cards ! 

It could not have been long after the invention of 
wood engraving that the idea of color, in imitation of 
the art of the painter, came to supplement it, and we 
find in the earliest block books that color is applied to 
the printed outline by means of a brush, either direct 
or by stencil. In Nuremberg, early in the fifteenth 
century, forme schneiders (or block cutters) and karten 
mahlers (or card painters) were working together, and 
the painter under this description was the workman 
who, by means of brush and stencil plate, colored out- 
lines, whether of Bibles or playing cards, which had 
been produced from wood blocks. 

Italy and Germany were not far apart in point of 
date in the production of printed playing cards, and 
we find in both countries, in the middle of the fifteenth 
century, various protective laws in favor of the work- 
men who were engaged in their manufacture in these 
two countries. I pass over the period from 1450 to the 
end of the eighteenth century, or a period of 250 years, 
during which there would not appear to have been any 
material changes in the method of manufacture of 
cards, while the materials employed remained the 
same. 

4 F~ within the last twenty years it was the univer- 
sal belief in England among the makers of playing 
eards that a good card could not consist of less than 
four sheets of paper, following in this the traditional 
trade rule of the French wakers, from whom our 
manufacture has come. But the changes incident 
upon fashion and example from other countries have 
altered this, and we have to-day cards made of three, 
two, and sometiines of a single sheet. These four 
sheets consisted, first, of two sheets of a strong special- 
ly made cartridge paper of a low brownish color and 
two sheets of a hard sized white paper, which was 
made either wove or laid according to the fancy of the 
card maker, the * laid” being the most used. From 
the examples preserved in various collections which 
have remained in the sheet without being cut up 
into single cards, and which date from the early 
part of the sixteenth century, it would appear that a 
sheet that would serve for the manufacture of twenty 
cards was that most approved by the card makers, and 
the size of this sheet, which was technically described 
as ‘‘ pot,” has varied at different times from 1044 in. by 





tion it is noticeable that in the playing cards of 
Southern India we find among the suit marks the 





14 in. to 14 in. by 17 in., being approximately the size 
now known as foolscap. 
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When thastencil had given place to color printing 
by the hand or steam press, the sheet which was des- 
tined to form the face of the card was printed by letter 
press from wood, stereotype, or electro blocks succes- 
sively in the various colors used, the court cards (cata- 
chrestic for coat or heraldic) being printed with a blue 
outline, which was followed by the yellow, flesh, black, 
and red printings, and the “pips” or ‘ points” on 
sheets each of their own color, red or black. An essen- 
tial of this process of printing, in which oil colors are 
of necessity used—as will be seen when the operation 
of pasting is borne in mind—is that great care should 
be taken that the inks employed should be prepared in 
such a manner that the minimum of time may be re- 
quired in the drying before the operation of pasting is 
reached. This drying process is attained by the sheets 
when printed being hung over rods or cords, in batches 
of ten to thirty sheets, in heated chambers or chambers 
to which there is free access of air, for a period varying 
—according to season and to the facilities of the manu- 
factory—for from three to twelve months. 

The card being formed of four sheets, the two inner 
sheets, or “* literis,” is made by the pasting together of 
two sheets of the strong cartridge before mentioned, 
which are dried and kept in stock as other paper. 
The next process is to * mingle” the two outer sheets 
ay to their being pasted into the card, 
and this is done by the placing alternately of a 
printed sheet, forming the face, and a plain sheet 
which is to form the back; this being done, one 
pile is formed of those sheets, and another of the 
previously pasted double sheets or ‘literis.” With 
these before him, the paster takes a sheet of the white 
paper and lays it on the pasting table, proceeding with 
a broad, flat brush to paste it all over with a strong 
flour paste, in which sometimes a small proportion of 
glue or gelatine has been mixed. He then places on 
this asheet of the “ literis,” and, in turn, pastes the up- 
per side of it in the same manner; hs next takes two 
of the mingled sheets together which are alternately 
printed and plain, and places them on the pasted 
*literis ;’ there is then pasted a complete board with 
the white sheet ready in position for the next ting, 
and the work so proceeds till the pile is ao” 

The next process is to lift the pile to the press, which 
is either what is known as the “standing press”—the 
oldest method of getting pressure by means of a screw 
bringing down a block upon the bed of the press—or 
by the modern hydraulic press, the object being to 
squeeze out all the superfluous paste from between the 
sheets, and which, exuding at the edges, runs away at 
the foot of the press. The lessening bulk of the pile 
under this operation is provided for by the screw or 
hydraulic ram as the case may be. his ordinarily 
takes twelve to twenty hours, and the sheets are then 
ready to be removed to the drying room, where they 
are hung on cords, having been previously pinned or 
wired together in pairs, the pinning forming in effect a 
hinge which carries the sheets over the cord, or they 
are hung in a similar manner in pairs by means of clips 
of combined wood and metal, or the common wooden 
peg, known as the American clothes peg—the clips or 
peas being screwed to rails fixed at proper intervals. 

egging or clipping is the preferable method, as by it 
the risk of damage by careless wiring or pinning is 
avoided. 

The length of time during which the boards require 
to be so hung depends entirely upon the temperature 
of the rooms and the perfection of the ventilation. The 
object of this operation being to get rid of all moisture 
from the card, it is evident that the more perfect the 
means for getting rid of the evaporated moisture, the 
more rapidly the boards come forward for the next step 
toward the finished card, but from four to eight days 
is usual. 

The boards are now in the state known as “‘ rough,” 
and are ready for either enameling or for being finish- 
ed without enamel. The demand for a perfectly plain 
card, that is one without any enamel, still exists to a 
small extent, but the trade is now almost entirely in 
eards which have on their backs a coating of color 
known as enamel, either left plain or by a subsequent 
operation printed with a device or pattern in one or 
more colors. If to be finished plain, the boards pass 
next to the ‘‘soaping,” which is an operation consist- 
ing of putting on the surface of the board a thin dust- 
ing of powdered tale, which is known commercially as 
French chalk, this being done either by hand or by a 
machine ; this gives to it an easier ‘“‘ slip” and assists 
materially that finish which the board ultimately ac- 
quires in the next process of rolling. 

If to be cuanseiel, the boards go from the “rough” 
to the hands of the colorer, who puts, by a brush, on 
the plain side of the board a coating of so-called enamel, 
which is colored with a base of different proportions 
of baryta, china clay, and oxide of zinc, made up with 
a vehicle of gelatine size; each board as it is colored 
a upon a rack till —e dry to be 
stacked away ready for the next process, which may be 
— ** glazing” in the case of cards with plain enamel 
backs, or when to be decorated on their backs with 
one or more —a to the “flatting” which is a 
modified ‘‘ rolling,” the object being to get a flat and 
even surface for the printer. As it is of the greatest 
importance that the fronts and backs of the cards should 
be in absolute “‘ register,” it is usual to pierce in the 
margins of the sheets which are to be subsequently 
printed at their backs two or more perforations, which 
serve as the points for either hand press or machine, 
and this is done before they are sent to the workman 
who prints the back. The backs are printed in the 
same manner and by the same methods as are the 
faces, a separate ‘‘form” being used for each color 
employed. 

After the boards have left the printers of the backs, 
they are again taken to the drying rooms, where for a 
time—varying from a few days to months, according 
to the requirements of the trade—they are left in stacks 
to mature and to harden, the contain of this process 
being accomplished in drying cupboards, where by 
means of steam pipes, or air otherwise heated, they are 
kept_ina temperature of from 96° to 110° Fahr. fora 
few days. This * sets” the color used in the printing, 
and gives to the card the “snap” and elasticity which 
is one of the essentials of a good card. This being 
completed, the process of soaping, as before described. 
comes uext, and they are then ready for “ glazing.” 
Glazing, or polishing the card, is now done by means 
of polished copper or zine plates, the boards being 
placed between them, and the whole passed between 





two = er ype of polished steel. ‘he glazing is got by 
combined pressure and friction, the slight movement 
of the plates, one upon the other, as they pass through 
the cylinders giving friction together with pressure, 
which polishes the surface alike of the plain and the 
enameled sides of the board, and the extent of this 
polish depends upon the number of times the plates 
containing the boards are passed between the cylinders. 
The boards are now ready for cutting ; and here, as in 
other details of card making, machines have largely 
superseded hand labor, but I will briefly describe the 
two methods of cutting up the sheets, taking the oldest 
method first, that by hand. Theinstrument employed 
is known as a “ shears,” which is simply a long blade, 
not unlike one blade of a pair of scissors, fixed as to its 
point by a bolt to the upper edge of the cutting table, 
the other end being shaped into a handle (exactly as is 
shown in the slide now on the sereen). The sheet being 
pressed under this blade, it is cut successively into 
** traverses.” 

Thus in asheet of twenty cards there would be a 
group of four traverses, each consisting of five cards. 
This is known technically as cutting *‘ at long.” These 
traverses are in turn taken toa smaller shears, and are 
there in a similar manner cut into single cards, or cut 
“at short.” We have now a pile or ‘ work” of cards 
as they come from the shears, ready for making up into 

ks. The pile isthen ready for “ laying.” This is done 

y women, who proceed to lay into fifty-two separate 
piles the ‘* work,” each pile consisting of cards of the 
same denomination, thus the ace of spades is a pile by 
itself, and so on; this operation, as a rule, is preceded 
by a previous sorting of the cards, with the object of 
throwing out any of them which may have been soiled 
or damaged, or are “ out of register.” The “laying” 
being completed, the worker then proceeds to take 
one card from each pile till the whole fifty-two cards 
forming the pack are gathered, and they then are 
placed crosswise, ot upon pack, as they are gather- 
ed, ready for the final operation of “‘ wrapping” in the 
cover, or, as it used to be called, the ** binder,” in which 
they ultimately reach the purchaser. We have now a 
finished pack of cards, ready for sale either for export 
or for home use; in the latter case, before it can leave 
the premises of the manufacturers, it has to bear the 
‘** duty label,” that is the stamp issued by the Inland 
Revenue Department, as the means of collecting the 
duty of 3d. per pack levied on all playing cards sold 
for use in the United Kingdom. 

This tax upon playing cards is universal in Europe, 
with the exception of Spain, America being the only 
other country which does not now tax playing cards 
sold for home consumption. France collects this tax 
by means of the paper used for making the cards, which 
is manufactured specially, and is sold by the govern- 
ment at a rate which covers the tax. The method used 
in this country is cumbrous, and may with advantage 
to the revenue on the one hand, and the convenience 
of the manufacturer on the other, be reconsidered in 
comparison with the method for collecting the tax 
which was in use in the United States up to 1882, which 
was by means of an adhesive stamp of about the same 
size as our postaye stamp, which was placed on the pack, 
not before it left the manufacturer, but as it left the 
retailer ; or with that now in use in Italy and Germany, 
each of which countries impresses a small device upon 
the ace of hearts, indicating that the tax has been paid, 
as now shown on the screen. 

You will expect me to say something as to the rela- 
tive merits of the playing cards made in different coun- 
tries, and I am able to do so from a very complete col- 
lection of the cards made in every country in Europe, 
in Russia and in America. I speak now without re- 
ference to the playiug cards of the East—India, China, 
aud Japan—which are distinctively apart from all 
other playing cards both as to their material and their 
manufacture. I find it difficult to do this with perfect 
frankness without running the risk of offending the 

rejudices of some who may be present ; but as the ob- 
ject of this paper is to convey information, I am com- 
pelled to say that the playing: cards made in England 
are inferior in material and in manufacture to those 
made in two other countries. I place America first, 
and next Russia, then England, Sweden, Germany, 
Spain, Italy, and Belgium. Part of this may be due 
to protection in some of these countries, notably 
America, which has an ad valorem tariff against im- 
sero cards of 100 per cent., thus enabling the manu- 
acturer to rely upon higher prices being obtained 
for his wares than the English manufacturer can 
do, exposed as he is to the competition of the world, 
upon a nominal tariff only; but as to workman- 
ship, very much,I fear, is to be found in the fact 
that the English workman has not yet learned the 
lesson which he must learn if he is to hold his own 
with others, viz., that the day has gone by when the 
name of “ English,” as applied to manufactures, was 
sufficiently indicative of good quality and approximate 
perfection, because perfection, as applied to manufac- 
ture, is only arelative terin, and English manufacturers 
in this, asin other trades, are being daily outstripped 
in the race for trade by nations whose workpeople are 
trained not tobe satisfied with anything which is not 
the best that human hands can produce, and the foreign 
workman is well learning the lesson. I am, in saying 
this, however, glad to be able to reserve a point in favor 
of the English manufacturer, for in no other country has 
the decorative treatment of the backs of playing cards 
had the development which it has received here. 

Germany has for some years followed usin the de- 
corative treatment of the backs of cards in more than 
one color, but these are for the most part indifferent in 
design, while they are fairly good in execution. In 
Russia there is also an advance in this direction, the 
designs being simply geometric and harmless, while 
they are well and carefully printed; here also, as in 
America, the question of price obtained, it is right to 
say, enters largely, for in Russia the price is high, and 
moreover the manufacture is a monopoly of a member 
of the imperial omg fe In Germany there have been 
issued at intervals playing cards for special purposes 
which present features of luxurious treatment which 
cause them to stand alone, and I have been unable to 
resist the temptation of showing you two slides giving 
a reproduction in one case of the face and in the 
other of the back of a card from a pack which was 
produced for presentation to the late Emperor Fred- 
erick, upon the occasion of his silver wedding. I re- 
gret that I cannot show you the exquisite printing of 
the faces of these cards; they are simply perfect, but 


o 
in their production the lithographic and not the letter- 
press process has been a , 

The decoration of the 3 has been a special fea- 
ture of the playing cards manufactured in England 
within the last forty years, and it had its first really 
artistic development in the hands of the Messrs, De la 
Rue, who osene thirty years ago, under the able art 
control of Mr. Owen Jones, produced in great variety 
playing cards with floral, heraldic, geometrical, and 
other devices printed in colors varying from one to 
seven. (One of the earliest of these, and one which was 
very popular, and I believe is so still, was the ‘ cotton 

lant,” which you see open the screen, and which will 

recognized oY some of those present as a marked de- 
velopment in the art of color printing as applied to 
playing eards. From this period forward, and in the 
ands of various wanufacturers, notably in those of 
Messrs. Goodall & Son, there has been produced a con- 
stant succession of decorative designs, of more or less 
artistic merit, and for which the rapidly growing taste 
for graphic color has insured a continuous dewand. 
Among the most successful of the designers for this 
eae manufacture have been Owen Jones, Robert 
udley, John Leighton, the brothers Audsley, Noel 
Humphrys, W. 8. Coleman, and Lewis Day, the latter 
especially standing in the front rank of the decorative 
artists of to-day ; and I will show you a few examples 
from the designs of these artists, which serve to exhibit 
the various fancies of the designer, and all of which 
have proved acceptable to card players. 

It may have occurred to some of those present to in- 
quire as to the origin of the titles which we find at- 
tached to playing cards, and some ingenious but erro- 
neous speculation has been given to explain what is, in 
fact, capable of very easy solution. To do this, I must 
fora moment take you across the German Ocean to the 
Low Countries, where, so early as the year 1427, the 
card makers of Tournai had formed themselves into a 
corporate body or guild ; and among other protective 
ordinances framed by the guild, there was one giving 
the right for every member to enter upon its records 
any distinctive mark which he wished to put on the 
wrapper or binder of the cards made by him, which 
mark thereby became his exclusive property—an early 
instance in fact of the use of trade marks. It was not 
tillthe year 1629 that the playing card makers of Lon- 
don formed themselves into a similar body under the 
title of the Company of Makers of Playing Cards, and 
obtained the protection of a royal charter. Having 
done so, they appear to have framed rules for their self- 
government very much upon the lines of the card 
makers of the Low Countries. 

Awong these rules was one providing for the entry 
on the minutes of the company of any marks which a 
member of it might desire to protect. The archives of 
the company record the —_ of a very large number 
of such marks, very few of which have survived ; and 
it is worth noting that two of these marks, the Rose 
and the Wild Boar, were identical with the marks 

istered 200 years earlier by the Tournai card makers. 
I do not take into account the variety of titles which 
have within the past few years sprung into use, and 
will refer only to those which survive after an existence 
of more than a century anda half, and to now place 
upon record the dates of their first use; thus in 1706 
there was entered the mark of King Henry the VIIL., 
in 1714 the mark of the Merry Andrew, and in 1741 the 
Great Mogul and the Valiant Highlander were both of 
them entered by Christopher Blanchard; and it may 
be worth while to mention that a process of gradual 
evolution has in our own day placed these marke as in- 
dicating quality in the following order: Great Mogul, 
sagt the VIII., Valiant Highlander, Merry Andrew. 
For the last eighty years all of these marks —_ to 
have become the property of any card maker who 
chose to “‘annex” them. 

We have now reached the 19th century, when the in- 
creasing knowledge of the mechanical arts gave a new 
development to all wanufacturing processes, and 
brought in its train considerable changes in the 
methods of prodyction of cards, especially in the sub- 
stitution of printing in color for the coloring by stencil. 
We have reached a time when the familiar knowledge 
of every one present will enable them to grasp the great 
change which this has involved, which has resulted in 
giving us to-day, in place of the thick and often clumsy 
and rough, imperfectly cut and always faultily printed 
ecards of a century ago, the beautifully printed satin: 
surface-like cards of to-day, with edges so faultless that 
eut them where you may, and place them how you 
will, a perfectly even edge is presented, at once a pleas- 
ure to the eye and a safeguard against the malpractices 
of those who have no doubt often found their advan- 
tage in the imperfections of manufacture of the cards 
of a by-gone time. 





During the reading of the paper a large number of 
slides were shown illustrating various processes of card 
making, and a series showing reproductions of old play- 
ing cards, indicating their use in education and as aids 
to teaching history, geography, heraldry, astronomy, 
ealigraphy, music, ete., as also the political use of play- 
ing cards in the J7th century, the reader of the paper 
giving a brief description of each as they were thrown 
upon the screen. 





HYPODERMIC INJECTIONS OF QUININE IN 
MALARIA. 


Dr. J. A. CoRREA DE CARVALHO, of Extreinoz 
(Portugal), bas recently recorded a case of malaria, 
which he succeeded in curing by hypodermic a 
of quinine. The patient was a woman, aged 35, in 
whom the disease had reached the cachectic stage. 
The skin and mucous membranes were discolored, and 
the spleen, which was very tender on pressure, reached 
down to the left iliac fossa, and extended toward the 
right to within two or three centimeters of the middle 
line. The stomach was dilated, and the patient suf- 
fered much from dyspepsia. The temperature varied 
from 39°8° C. in the morning to 38°2° in the evening. . 
Sulphate of quinine was given internally in capsules 
and in pills, but only with the effect of aggravating 
the gastric disorder. 

On November 18 hypodermic injections of neutral 
hydrochlorate of quinine were commenced, at first in 
doses of 4, and afterward 5 decigrammes, The tem- 





rature soon began to fall, even in the morning, and 
y the middle of December it was normal, never ex- 
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ceeding 37°5° in the evening, and being sometimes 
below 37° in the morning. 

On January 18 the patient was discharged cured, the 
spleen being much reduce in size and not at all tender, 
and the discoloration of the skin and mucous mem- 
branes having almost entirely disappeared. Her dys- 
pepsia had also ceased to trouble her. 

he injections, which were all made under the skin 
of the forearm, caused a little irritation. A few small 
abscesses formed around some of the points of punc- 
ture, and had to be opened, but gave no further 
trouble. 

The following is the formula of the solution used for 
injection : R. Basic hydrochlorate of quinine, 1 gramme; 

ure hydrochloric acid, Mi; distilled water, 2 grms. 

hese ingredients should be placed in a test tube, 
and exposed to the action of gentle heat. A clear 
solution will be obtained, each cubic centimeter 
of which will contain five decigrammes of neutral 
hydrochlorate of quinine. 

The solution should be injected warm. Dr. A. 
Rocha first recommended this method, which he had 
om me ag successfully in a patient suffering from 
malaria, to whom it was found impossible to give 
quinine in any other way. 

Drs. Beurmann and Villejean had independently de- 
scribed a somewhat similar method a short time be- 
fore.— British Medical Journal, March 16, 1889. 


THE STRUCTURAL STRENGTH OF SEA-GOING 
TORPEDO BOAT No. 1. 
By Lieut. F. J. Draxkr, U. 8. Navy. 
In the development of armored and unarmored 
cruisers of every class, carefully prepared plans and 


exhaustive calenlations have been made, based upon 
the most practical factors obtainable relative to the 


















































TABLE I. 
RESULTS OF CALCULATION FOR TOTAL WEIGHT OF HULL AND LADING, AND POSITION OF ITS CENTER oF 
GRAVITY. 
Vertical Moments. Horizoutal Moments. 
Leverage Leverage 
Item. Weight. about Load nn ca ee 
Water Plane.) above Below No, 45, Before Abaft 
L. W. P. L. W. P. No. 45. No. 45, 
¥ feet. | feet. as 
Forward conning tower and fittings.. .. ...... 1,800 70 | ere 35°0 eS 
“ smoke stack and fittings 1,100 84 9.2000. | ,.... 20°2 ES Th nce tone 
se boiler and connections... . 26,440 1@ 26,968°8 9 ee 20°0 528,800 
Auxitiary pamps and connectiens. . 7,020 |; ae eer? 0,266°4 84 58,968, 
RE in Tg a gE 22,400 05 ce a eee 05 11,200 
Condenser and connections......... 3,700 | ee Ree : 7,400°0 RR er 
After boiler and connections.................. 26,440 1:2 eee - © csaccues 240 
“ smoke stack and fittings....... 1,100 84 an eee 24°2 
pumps and connections,......... goes 9,000 a. 0 dnd 9,900°0 13°0 
“ conning tower and fittings............... 1,400 63 nn. - es éani 39°0 
OR. sins 06h eecane 77,280 1 ee, ae eee 0-02 
Shafts and connections.... ...... . 10,181 . eee eeewe 22,398°2 31°0 
Propellers and connections......... 2,600 SRP pe eters: 6,006°0 m4 
TTD c.6 enqcchs eneupecd o¢ep 2,000 1°92 Pheskibes 3,840°0 66°0 132,000 
PP Hibs cpdsbstinusnésvaiestsatah 70,112 1°31 A eee re 243 170,371 
Wt ictnepdabtcoetsebeceincheunenneniindd 262,573 285,756°3 ee eer 1,636,748 
58,8106 |__ 684,188 
) 226,945°7 262,573)) 952,560 
Center of gravity above L. W. P..... ...00Jecccccocccccecfecccoes ove = 0864 ft ite. = 3627 
andiiiieten | aes Eh Bin.ccc cede esedaued cscceetndescocccbéues = hee* = C, of G. abjaft No. 45. 
2 PQ GOG, GE Bicceve cdcce Mcctcvcec sss = 37“ 














much value cannot be placed upon the quality of mate- 
rial which enters into the construction of hull and 
machinery. The latter should be composed of the 
most modern type of high speed engines, with all im- 
provements, and boiler capacity sufficient to supply 
steam to the auxiliaries and main engines when at full 





strength of material entering into the construction of 


both hull and machinery; such conditions being ab-! 


solutely necessary in order that modern steel cruisers 
should be capable of carrying the heaviest ordnance, 
while possessing sufficient stability and a maximum 
speed—three factors which, combined, produce the | 
greatest destructive force in a modern man-of-war. In 
order that the same conditions may be obtained in tor- | 
pedo boats of all classes, it is equally essential that | 
the same system of development should be followed 
throughout. 

With this object in view the construction of sea-going 

















speed. 

The hull must necessarily be constructed of light 
seantling material, and possess a maximum of strength ; 
there should also be a proper distribution of the weights 
to be carried throughout. They must have a maximum 
speed, a powerful rudder, and the most perfect torpedo 
outfit concentrated in as limited a space as its practical 
working will admit. . 

As sea-going crafts they should possess suitable 
buoyancy and stability, and it is to be observed that 
the stability should be sufficient, when under the in- 
fluence of wind and waves, to prevent excessive rolling 
and pitching in a seaway. Ihe latter condition na- 

















The displacement curve drawn in Fig. 1 shows the 
total displacement at the several water lines, which are 
six inches apart. 


Displacement at ordinary draught 
4 f 
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The curve of displacement is for parallel draughts of 


water, and will be found sufficiently trustworthy for 
the trim of the boat, especialiy near the L. W. P., when 
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seeking practical data for any future trials of speed. 
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od oon boat No. 1. of the U. &. navy, was undertaken, 
and the following results, which are given to the public 
for the first time, have been collated from carefully 
prepared tables, which are here omitted for want of 
space. 
As but little data have been published relative to the 
structural strength of this type of vessel, it is to be 
hoped that this subject will be productive of good re- 
sults in leading to similar publications, showing equal 
conditions in the factors of safety, as obtained in tor- 
lo boats on the other side of the Atlantic, where 
their usefulness has been largely demonstrated. 
Being absolutely dependent npon their machinery for 
8 , their ability to handle their torpedoes, and 
the extent of their maneuvering qualities in action, too 





turally produces extreme abruptness of motion, strains 
the structure, demoralizes a confined crew, and serious- 
ly impairs the proficiency of the boat as a destructive 
orce. 

These conditions are increased or diminished accord- 
ing to the size of boat, position of weights carried in 
lading, strength and shape of hull, combined with hab- 
itability. 

In sea-going torpedo boat No. 1 circumscribed limits 
were obtained of all possible strains and stresses by a 
careful measurement of all material entering into the 
construction, as the following results will show. In 
the table appended only the summary of total weights 
of hull and lading are given, from which the center of 
gravity has been determined. 





The curve of tons per inch immersion is constructed 
to a scale of 1 inch=3 tons. 


Tons per inch immersion. 


At L. W. P. 414 ft. draught ......... 3 02 tons. 
we > MSA OS 284 * 
beh | eeenee sanaees aeaaen — 
_ is wv.  Chgakepese. 5 neephheaee oe * 
=a se nie ese egecutmeauccnsee —_-* 
“% RE eet ee 040 * 
At the L. W. P. the average consumption of coal 


will produce uniform draughts of water. 
In Fig. 1 will also be observed the curve of area of 
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midship section which is proportionally uniform for any 
draught of water due to equipment, stores, and crew. 


Area of midship section at L. W.P...... -- 42°36 sq. ft. 
eT ee “ s  draughtof4 ft... 355 
“ “ rT) oe 81g *  . 98°7 “ 
“ oe “ + “ 8 - 22:3 “ 
“ “ “ ty 216 * | 16°27 “ 
“ & “ “ “ 2 « . 106 “ 
“ “ “ “ “ 1 “« 65% “6 
“ ‘“ “ “ 1 “ 2-4 ae 


The curve of sectional areas is constructed on the 
base line A C, which represents the length of the boat 
toa scale of 1 in.=30 ft. The ordinates cf this curve 
represent the areas of vertical sections having an in- 
terval of 7°5 ft. This curve graphically represents to 
scale the volume of the displacement as well as its uni- 
formity at equal distances from either end of the boat. 

In Fig. % the curve of area of parallel water planes is 
drawn to a seale of 1 in. =1,200 sq. ft. AB is the mid- 
dle line of the boat on which the L. W. P. only is drawn 
to its ordinates on the half breadth plan. The area of 
the several water planes is set off on their respective 
ordinates to a scale of 1 in. =1,200 sq. ft. 

Any intermediate water plane corresponding to the 
draught of water required is found by drawing an ordi- 
nate through the point on the base line A B, repre- 
senting the draught of water in question ; the length 
of this ordinate in inches :nultiplied by 1,200 will give 
the area of the water plane sought in square feet. In 
the curve for vertical mowents, the ordinate represents 
to scale the leverage of each of the water planes about 


the L. W. P., as they are multiples of their respect-|_ 


ive water planes. 
From this curve is constructed the curve of vertical 
moments about the L. W. P. to a scale of 1 inch = 


‘ 





TABLE ll. 
SEA-GOING TORPEDO BOAT No. 1. 















































Ordinates for Curve of Stability. Distance between 
Ordinates Fifteen Feet. 
Immersed Wedge. 

Number 
of Angles of Inclination. 

Ordinates, Stee: 

o° | 8° | 16° | 24° | 32° | 40° | 48° | 56° | 64° | 72° | 80° 
5 0°91 |0°95 |1°O1 [1°10 [1°23 | B41 [1°70 2°11 [2°98 |4°90 \5°45 
15 3°05 |3°28 3°57 [3°97 |4°56|G°27 |6 00 5°84 /5°72 [5°63 |6°60 
25 4°97 |5°30 5 73 |6°22 [6°93 [6°71 [6°44 6°24 (6°02 [5°85 [5°71 
35 6°28 |6°63 7°01 [7°54 |7°43 |7 08 |6°80 6°50 (6°20 (5°97 |5°80 
45 6°94 |7°27 (7°64 [8°02 |7°65 |7°29 [6°90 656 [6 24 [5°98 (5°81 
55 7°02 [7°41 (7°77 [8°06 [7°65 | 7°25 [6°85 6°46 [6°10 [5°85 [5°63 
65 6°51 (6°94 (7°35 |7°78 |7°37 16°94 |6 52 6°13 [5°80 5°56 [5°43 
5 5°20 [5°71 |6°16 6°67 [6°86 16°46 (6°03 5°67 \5°35 |5°16 [5°01 
85 2°60 |3°07 ase 4°10 |4°72 |5°41 [5°44 5°12 |4°85 |4°65 [4°56 
Emerged Wedge. 

5 0°91 lo-90 0°90 |0°91 |O°97 |1°01 |1°07 hh-2e I-40 1°61 |2°00 
15 3°05 |2°90 [2°78 |2°73 |2°70 | 2°67 [2°66 [2°74 |2°84 |2°96 |3°21 
25 4°97 [4°70 |4°43 [4°23 |4°06 |3°90 [3°80 [3 75 |3°72 [3°77 [3°87 
$5 6°28 \5°92 |5°56 15°23 4°94 | 4°67 [4°46 [4°28 |4°20 [4°19 [4°23 
45 6°94 |6°56 [6°16 (5°75 |5°34 |5°00 [4°70 14°50 [4°35 [4°26 [4°24 
55 7°02 16°63 |6°20 |5°71 |5°25 | 4°85 |4°47 |4°26 |4°08 |4.00 [3°96 
65 6°51 |6°Q1 |5°48 |4°96 [4°48 | 4°10 [3°76 [3°57 [3°40 |3°30 [3°26 
% 5°20 |4°63 |4°06 |3°56 [3°14 |2°84 2°60 |2°44 (2:34 2°28 |2°24 
85 2°60 |2°20 |1°86 |1°60 |1°41 [1°26 |1°14 |1°09 [ioe 1°00 |0°98 
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ered in the carrying of extra weights on deck in vessels 
of this type having coefficients of fineness of 0°37 and 
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rections for appendages and thickness of layer due to 
the actual position of the inclined water plane. 

The values of the levers for dynamical and statical 
surface stability for every 8 degrees of heel were then 
determined by dividing the corrected moments of the 
wedges by. the displacement, or 3196°90 cubic feet. The 
results obtained ure the ordinates of their respective 
curves expressed in feet as given in Fig. 3b. For ex- 
— take the angle of inclination at 24 degrees, which 
is 4 inches below the sheer rail. See Fig. 3a. The 
corrected moment of the wedges as given in Table III. 
=6024'83 foot moments, whence ea = 1°85 feet= 
B N = length of the lever of surface statical stability 
due to the shape of hull. The distance of the comput- 
ed center of gravity of total weight above the center 
of pone ny as computed in Table I. is 2°377 feet, 
whence the lever of statical surface stability is dimin- 
ished at each angle of heel by a factor the value of 
which is determined in this case by the product of the 
distance between center of gravity and center of buoy- 
ancy X sine of the angle of heel = 2°377 x sine 24° = 
0°967 ; whence, 1°885—0°967=0°918, which is the lever of 
the resultant righting moment of statical stability. 
This wultiplied by the displacement, 91°34 tons, gives 
the righting moment in foot tons, 83°85. 

The different values of G Z for the successive angles 
of inclination are the ordinates of the curve of statical 
stability as shown in Fig. 3b. As will be seen by this 
curve, the torpedo boat reaches a maximum of stability 
at 52°, when its righting moment is 1°4 x 91°34 tons = 
127°88 foot tons. The vanishing point is reached at 92 
degrees. 

‘able III. gives the calculation of the dynamical 





surface stability at an inclination of 24°. The corrected 
moment of the wedges, 1290°41 foot moments, is divided 
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2.400 cubic feet. The method of using this curve to 

obtain the distance of the center of buoyancy below 

the L. W. P. for any given volume of displacement, 

when the torpedo boat is floating at any water line 

age to the original load water plane, is as follows: 
he displacement at L. W. P.=3196'9 cubic feet. 

The length of this ordinate measured on No. 85 is 
1°99 inches, which multiplied by 2400=4776, the moment 
of displacement about the L. W. P., therefore en 
1°51 feet, which corresponds with the depth of C. of 
buoyancy below L. WP. as found by the displace- 
ment sheet for draught of 41¢ feet. 

Now take a draught of four feet of water, 7. e., without 
coal or stores ; the length of ordinate measured on No. 
75 is 1°78 inches. 

Whence 1°78" x 2400=4272, moment of displacement 
at draught of 4 feet. By displacement curye Fig. 2, for 
— W. L, 2°14" x 1200 = 2568 eubic feet. Therefore 

‘ 

3563 = 1°66 feet, the vertical distance of the center of 
buoyancy below the L. W. P. 
Hence the following result takes place: 


At mean draught, 444 feet, C. of buoyancy 
oe eS RE SSNS errno: 1°51 feet. 
At draught of 4 feet C. of B. below L.W. P.=166 “ 


Increase of vertical distance of C. of B. 


ic-cwatt i Le ee aabere 0 DORR n te os * 
Vertical rise of L. W. P............ Ekiaas 0500 * 
ee A SS phe deen cece O35“ 


=4'2 inches, which amount becomes an importapt fac- 





tor in the stability of the boat, and shoud be egpsid: 


under. As these curves give all the information, and 
virtually solve all questions of a theoretical and practi- 
eal nature regarding the displacement and the vertical 
position of the center of buoyancy in its distance from 
the original L. W. P., it is highly essential that all com- 
manding officers of vessels of this type should be 


thoroughly conversant with their uses, and these|G 


curves be included in the outfit. A wider circulation 
of such curves, and a thorough, practical knowledge of 
the limit of safety in their uses, would undoubtedly 
have prevented the indiscreet overlading of many tor- 
pedo boats which are now handicapped, as has been 
evidenced in the recent loss of two French torpedo 
boats by capsizing in carrying weight out of all propor- 
tion to their stability; consequently they are unable to 
stand up and more safely ride out a gale, thereby 
saving not only the vessel and her cargo, but many 
valuable lives. 


CURVES OF STATICAL AND DYNAMICAL STABILITY 
FOR ANY ANGLE OF HEEL. 


The ordinates for the different water planes used in 
the preparation of these data were taken in transverse 
sections having a horizontal interval of 15 feet, as the 
proportions of the volume of the hull throughout are 
uniform. The angular interval of heel for the different 
water planes is 8°; therefore radiating lines are drawn 
at 8, 16, 24, 32. 40, 48,...... 80 degrees on the body 
plan (see Fig. 3a), peesing through longitudinal axis of 
the upright L. W. P. . 

The measurement of ordinates for the different water 

lanes is given in Table II. The detail work is omitted. 
he volumes and moments of the assumed wedges of 
immersion and emersion were determined. also the 
area and position of the center of gravity of the 


assumed inclined water planes, together with the cor- 





by the displacement, which gives 0°404 ft., which is the 
lever of surface dynamical stability. In order to find 
the total mechanical work performed in heeling the 
torpedo boat through an angle of 24 degrees, both in 
raising the center of gravity and depressing the center 
of buoyancy, B G versin 24° = 2°377 x 0°0865 = 0°206 .*. 
i, Z = 0°404—0°206 = 0°198, which is the lever of the 
moment of dynamical stability. This multiplied by the 
displacement, 91°34 tons, gives 18°09 foot tons for total 
work. 

The different values of G, Z for successive angles 
of inclination are the ordinates of the curve of dyna- 
mica! stability as given in Fig. 3b, and it will be ob- 
served that at 69° 30' the upsetting moment becomes 
equal to the righting moment, which point is the ex- 
treme limit of reserved safety for the boat, or 115 Xx 
91°34 = 105-03 foot tons = upsetting moment. 


PITCHING MOMENT DUE TO HEELING THE TORPEDO 
BOAT 24°. 


In the calculation for 24° it is found that the center of 
gravity of the wedge of immersion is 3585 feet abaft 
that of emersion, and is the distance that the center of 
buoyancy of the former travels aft; thus depressing the 
bow and raising the stern. It is also the lever of the 
pitching moment, which multiplied by 11°23 tons, the 
volume of one of the equal wedges, gives 40 25 foot tons 
pitching moment. ; 


LOCUS OF CENTERS OF BUOYANCY AND THE META- 
CENTRIC. 


In order to illustrate more plainly the results pro- 
duced upon the center of buoyancy and center of grav- 
ity and metacentric by the successive angles of inclina- 
tion, I have projected these curves as shown in Fig. 4. 
IX and IY are the co-ordinates of reference. IY is the 
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NATION OF TWENTY-FOUR DEGREKS. 
Both Wedges. 














passage to one neck and at the same time open that 
to the other. Water is admitted into these chambers 
through the passage, D, and valves, E, and forced out 
through the valves, C, and passage, H, into the air 
chamber, J. 


Its operation is as follows: Conceive that both chain- 





| | | , ; bers are full of water, and that steam communicat 
Functi | 4 Statical Stability. Dynamical Stability. . ’ - . ates 
Inclinatt of Ordin'tes| _. - | 73 Sums of icetiniite allt ’ . * | with chawber, A, the vaive, C, being at the right ; the 
nelinationsitor Area of| Functions | muir. | o ‘tea|, Functions | Multi- [*poe ~ a, | Steam by direct pressure forces the water through the 
of Radial | Inclined | of Squares heme of Ordin’tes of Cubes of| pliers Functions | Functions Functions : 
Planes, | ypnelined lof Ordin'tes| PU itor Volumes|\°O ainates. * | of Cubes. || Cosines of jof Cubes for|| Lines of |of Cubes for | Valve, C, into the air chamber, J. When the cham- 
tion, | jot W edges. Inclinations Moments of | |Inclinations|Moments of | ber is nearly or quite empty, the valve, C, moves to the 
‘ | Wenge. Wedges. | left, thereby cutting off steam from that chamber, and 
7 freee eee ics mee: + EE ere ————| | |---| | admitting it to the right hand one, when it forces the 
-_ | we ' 243 45 || 8.08808 1 | goes-oe || o-orass | 2761-80 o-40874 ~| 1.220°e9 «| Water out of the latter,-and the condensation of the 
He ss | 279° 4 3 aa7'42 ||| (8,050°51 : 9.151 ss |} 0°96126 | 8,797" 10 oars 556880 = in — oo chamber — a sn a an and 
16° ++] 315 05 3 5:15 || 3,150'97 ‘ | , |} O:o00R7 = | 9,361 “13017 ’ the atmospheric pressure upon the external! water for 
awe | | B40 35778 1 a57°78 || 3,376°80 1 ag76'80 || 1-ou000 | s'376 80 || OND |..!......... P P po _ 
3 )24,206 98 3) 5,067°70 
For immersed wedge.... .............6. 2.385 ° 80 8,008°99 “1,689 23 
For emerged wedge 1,600°98 _|/9¢ x angular interval..............ccecccsee-eee- O° 0524 . 00524 
2) Bre 2433400 ~ S516 
: gee" 41 i CARIBE onc ncn cccccesetesscgssescccecesces ie ee 
34 < 8 degrees __ "O24 _||Moment of wedges (uncorrected) ............. 6,385 ° 773 1,327 724 
196 205 Correction for layer. seeeeeee eececercee sees — SOUDOE |] occ scenes -— 37 RO 
1B 3,196°90 ) 6,024°83 3,196°9 )1,290°410 
—— oe om : Ande 1a || B,N = 0 
275623 1B G win 24° = 2377 X 0°40874 = .......... 0°967 || BG vers 24° = 0°206 
Longitudinal interval e+ eee ‘ 2 - eo — —|| —_—— 
" - GZ-z o60e coccéoscosssee 0 918 G,Z = ..... 0 198 
Excess in volume of immersed wedge without [Displacement 91 34 : 91°34 
it en - =_— _. ||Righting moment in foot-tons................... 83°85 Workin 
" : foot-tons. 18°00 
Emerged Wedge. 
0° 245 45 1 | 246°45 Inclined Water Plane. Correcting Layer. 
R° 21452 3 643° 56 ‘ = 12 es a wee - 
16° 18457 3 58°71 || 
24° 33°77 158° 26 1 158° 26 Functions of | { Immersed 51 40 308 434 
1.600 98 ordinates } | Emerged 8 77 Thickness of layer = 908° 434 + 1,277°55 = 
. | a 17 0241 foot-ton. 
Up to 24° appendages so smal! that they can safely be |Long. interval bb : 
neglected, one ferry on |e vie it through the valve, F, into the chamber, and when 
||Correction for statical stability = 308°434| nearly full the air in that chamber will be sufficiently 
Fonctions of } x 11 = 90004. compressed to force the valve, C, over to the other side ; 
) Immersed = 357°58 Servect! r : lity = 908°4: d thus the action will become centinuous. 
squares of > i(— 1 > | Correction for dynamical stability = 306°43 | 4D 2 
ordinates | Emerged. = 156°26 x 012 = 37°38. To Analyze the Pulsometer.—The work done will be 
2) Ios | that of lifting the water from the source to the point 
68 | of delivery. The lift for a few feet is usually done by 
15° the external air forcing the water intoa partial vacuum, 
1,277 55 ) 1,494°90 | but as the water is forced out of the pump against the 
C. of G. of area toward the a same pressure, the work of the steam will be the same 
immersed side = .. “oy rn | as if it raised the water directly for the full height. 





scale of the successive angles of inclination. Through 
the points marked 8°, 16°, 24 96°, parallel lines 
are drawn, representing the load water plane corre- 
sponding to the successive angles of inclination. 

I P is a base line drawn at an angle of 45°, cutting the 
parallel lines at points W, W;, Wa, ete. The lengths of 
ordinates determined for each curve at the successive 
angles of inclination are set off from the point of inter- 
section of their respective load water planes with I P, 
perpendicular to the axis, IX, to scale 1 in. = 4 ft. 

The curve drawn through the points, B,, B:, Bs, ete., 
thus determined is the locus of centers of buoyancy for 
successive angles of inclination. The curve drawn 
through the points M, M,, Mo. Ms, ete.,is the metacentric, 
and the one similarly drawn through the points, G G G, 
is the locus of centers of gravity. 

Referring the curves to their co-ordinate axes, it will 
be observed that the locus of the centers of buoyancy 
is slightly concave, while the metacentric and curve of 
centers of gravity are both concave and convex, or of 
the order of a curve of sine as referred to the straight 
line of water planes, 1 P. The maximum range of the 
center of buoyancy as referred to the L. W. P. for suc- 
cessive angles of inclination is 0°28 foot, or 3°36 inches, 
which is the distance through which the center of buoy- 
ancy is depressed in 88° of heel, thereby showing the 
excellent form of the hull, as well as a careful distribu- 
tion of weights. 


| 790 ft. 





at Sukkur, which completes the railway communica- 
tion between India and the fortress of Quetta, in 
Beloochistan, the permanent military camp of Pishin, 
and the frontier of Afghanistan, where the Khojak 
Amram tunnel, when finished, will bring the railway 
to the plain of Candahar. It is nearly twenty years 
since such a bridge was seen to be necessary in connec- 
tion with the Indus Valley State Railway. The Indus 
is broad and flows rapidly between high banks. For- 
tunately, an island named Bukkur lies in midstream, 
and half way between the opposite towns of Sukkur 
and Rohri. 

Sukkur is on the right bank, and Rohri on the left or 
Indian. The three first crossings named did not contem- 
plate using Bukkur Island, and one after another they 
were given up. The Rohri crossing itself, which util- 
ized that island, was finally set aside in favor of an im- 
proved crossing known as the Hadji Moti—the differ- 
ence between the two being that the bridge from Buk- 
kur to Rohri is a little lower down than that from Suk- 
kurto Bukkur. The bridge from Sukkur to Bukkur 
consists of three spans, the longest of which is 271 ft., is 
| composed of ordinary girders, and was com pleted as long 

ago as March, 1885. The more remarkable engineering 
feat is the bridge from Bukkur to Rohri, generally de- 
signated as the Sukkur Bridge. This was wade on the 
cantilever principle. The length of this bridge is 
From each side projects a cantilever of 310 ft., 





The metacentric and curve of centers of gravity show | and the connecting link is supplied by a girder 200 ft. 


the result of the force of dynamical stability or the | in length. 


The bridge was designed by Sir A. Rendel, 


mechanical work performed in both raising the center | and was constructed by Messrs. Westwood and Baillie, 


of gravity and lowering the metacenter. At 41 
center of gravity and metacenter are in the same hori- | 
zontal plane at 3°225 feet vertically above the center | 
of buoyancy and 1°690 feet above the L. W. P. 
The metacenter continues to be lowered while the 
center of gravity rises, when at 86° the metacentric | 
coincides with the load water plane, and the center of 
gravity and center of buoyancy are equally distant 
from the metacentric, or 1°76 feet. But in no case does 
the center of gravity of total weights in the torpedo 
boat become an upsetting force between the upright! 

position and 90° of inclination. 
(To be continued.) 


BRIDGE OVER THE INDUS AT SUKKUR. 


ON March 27, Lord Reay, Governor of the Bombay 


the | of Poplar. 


It was sent out in pieces and fitted on the 
spot under the direction of Mr. F. E. Robertson, the 
superintending engineer, within sixteen months of 
their arrival on the Indus. It is named after the 
Marquis of Lansdowne, Viceroy of India. Our illustra- 
tion is from a photograph by Mr. F. Bremner, of Kurra- 
chee.—lilustrated Londen News. 


THE PULSOMETER. 
By Professor DE VOLSON Woop. 





THE pulsometer is a modern pump of very novel 
construction. It consists chiefly of two bottle-shaped 
chambers, A A, joined side by side with tapering necks 
which incline toward each other, uniting in a common 
passage. At the lower end of this passage is a spheri- 


The condensed steam will be forced out with the water. 
We will neglect the effect of friction, contraction, ra- 
diation, and the like, and consider the pump as a heat 
motor acting under perfect conditions. 


Let W. be the weight of water raised in a given 


time, 

W,, the weight of steam used in the same time, 

To, the temperature of the water at the source, 

T,, the temperature of the mixed water and con- 
densed steam in the chamber, 

T, the temperature of the steam in the boiler, 

h,, the latent heat of evaporation of a pound of 
steam, in thermal units, 

2, the fraction of a pound evaporated, 

ho, the height of the pump above the source, 

hi, the height of the delivery above the pump, 

h=ho+hi=the total lift. 


Considering the specific heat of the water as unity, 
j} and constant, the heat lost by the steam will be the 
/ same as if it were generated from water whose temper- 
| ture is that of the mixture, T;, and this will be the 
heat necessary to raise the temperature T—T; degrees 
and then evaporate it, or 


W(T—T,+2 h,) 


The temperature of the water will be raised T,—T, 
degrees, hence the heat gained by the water will be 


W.(T,—T,) thermal units. 


By the conditions of the problem, these will be 
equal. Hence, 
W._ T—T.+ 27h, 
a, ee (<.) 


From this it follows that, if the boiler pressure be 
observed, and the temperature of the water at the 
source, and also after mixing with the condensed steam, 
the ratio of the weight of water to that of the steam 
may be computed ; for the boiler pressure will enable 
one to determine the temperature T and the latent 
heat of evaporation h,. hese are most easily found 
from ‘* steam tables,” but in their absence, the temper- 
ature may be computed from a formula given by Ran- 
kine, which is 


on a 
Com. log p=8'22203 — - - asa 


in which p is the absolute pressure in pounds per 








Presidency, opened the railway bridge over the Indus, 
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eal valve, C, which, by moving slightly, will close the 
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according to the Fabrenbeit scale. 
nault’s experiments, we have 


h,=1114'4—0°7 T 
where T is the temperature Fah. 
The work of lifting the water and condensed steam 
will be 
U = W. het+(Wot+W)A, (b.) 


If the temperature of the feed water be the same as 
that of the source, then will the heat expended be 


H=J W[(T—T.+ 2 A,] (e.) 
J being Joule’s equivalent; hence, the efficiency of 


finid will be 
U Wo hot+(We+W)Ai 


According to Reg- 


BH > JW(T—T.+2h] md 
which by equation (a) becomes 
Ww 
ho oa 1 + = h 
E = ( w.) (e.) 


J(T:—T.) 

In practice the weight of steam will be so smal] com- 

pared with that of the water that the fraction w, may 
vo 


In the following 


be neglected compared with unity. 
Neglecting this, 


example this fraction is less than <}5. 
equation (e) becomes 
h 


E=77,_—T) (f.) 


or the efficiency increases directly as the lift and in- 
versely as the increase of temperature of the water. 

This will be reduced on account of the frictional re- 
sistance of the pipes and the passage through the 
valves, and these will increase as some function of the 
velocity of the water. They also depend upon the con- 
struction of the valves. The slower the movement, the 
greater will be the condensation of the steam compared 
with the weight of water raised, and, hence, the tem- 
perature of the water will be increased and the effi- 
cieuey thereby diminished, as shown by equation (f) 
Experiment only can determine the best velocity for 
the greatest efficiency ; and this would be changed for 
every change of condition of valves and pipes. Twenty 
per cent. for these losses will probably not be too much 
in any case, and under unfavorable conditions it may 
be much more. 

The size of the water and steam pipes depends upon 
the pressure of steam and the desired velocity. In 
practice they are large, so that the velocity may be slow. 

Example.—By measurement 105,000 gallons of water 
were raised a height of 38 feet and drawn by suction 
horizontally 600 feet, in ten hours, with 274 pounds of 
coal. If twenty per cent. be added for resistances, 
find the work done in ten hours, the weight of water 
per pound of coal, the horse powers; and if a pound 
of the coal evaporated 714 pounds of steam, find the 
pounds of coal required per horse power per hour, the 
weight of water raised per pound of steam, the increase | 
of temperature of the water pumped, its initial being | 
60° F., the steam gauge pressure being 50 pounds per | 
square inch, and the efficiency, the feed water also be- 
ing 60° F. 

Solution.—If a gallon be 231 cubic inches, and a cubic 
foot of water weighs 62°2 pounds, then 


Volume raised in ten hours 105,000x 


Wiis CUBIS FOG6 0... cc cccccccccces 13,573 
Weight raised in ten hours 13,573x 
SIN. ng thacis mic: Soe ee aed a $73,000 


Work 10 hours,$73,000 x38 x 1°20 ft. Ib. 39,818,800 
Work in one minute........ ....... 66,298 
Horse power, gross...............4.. 


Li] 





Horse power, neglecting friction, 

EE ee ee Pm 1j 
Coal per horse power per hour, gross, 

3. eR ere het 13°7 
Pounds of steam, 274X744... . ..... 2,000 
Water raised per pound of coal, Ib.. 3,186 
Water raised per pound of steam, 

DUE.G00-o-B.GGR, 1D... . ccccccceccce 436°5 
Work done per pound of steam, | 

kh eee ab, aeheaene 19,904 
Heat in 1 lb. steam above 60° F., 

_ > RS ee 1,145 
Increased temp. of the water 1,145 

+436'5 nearly, deg. F.... ........ 2°62 

anes as <a aie 

Efficiency asxim cc 0°0223 

Efficiency, equation (f), 38+778x | 
WP cnbcccuneds 6 cane wes enseiaieus 0°0186 | 


The last is the efficiency of fluid without resistance ; 
and if it be increased 20 per cent., it gives the other 
efficiency. If the temperature of the water was in- 
creased 2 62 degrees, the steam lost 1,145—2°62—1,142 
heat units, instead of 1,145, and this heat would in- 
crease the temperature of the water 2°61 degrees, so 
that the result is sufficiently exact. 

It would require a nominal! four or five horse power 
boiler to furnish the steam for this pump, and such 
boilers may be assumed to have an efficiency of about 
40 to 50 per cent.. giving for the efficiency of the entire 

lant a little less than, but neariy, one per cent. of the 

eat of combustion of the coal. This is about the effi- 
ciency of small direct-acting feed pumps. 





A THREE HUNDRED HORSE POWER JONVAL 
TURBINE. 


WE illustrate herewith a large turbine, recently con- 
structed by Mr. W. Gunther, Central Works, Oldham, 
for the Cerro de Pasco Gold Fields, Transvaal. This 
turbine, which is designed to give out 300 horse wer 
with a fall of 57 ft., is made on the Jonval system, 
with modifications in the construction of the guide and 
wheel vanes, enabling it to give a high efficiency 
whether working with afull or reduced supply of wa- 
ter. The turbine is arranged with a horizontal shaft, 
the end thrust being taken up by a substantial collar 
bearing, and the shaft terminates in a coupling for 
connecting the shaft carrying the rope pulley, from 
which the power is transmitted to the shafting in the 
mill. The bearings inside the turbine are made of lig- 


hum vite strips, and are lubricated by the water, effect- 





ive steps being taken to prevent solid matter from 
entering them. 


The turbine wheel is 42 in. diameter 


between the centers of buckets, and the vanes are 
made of steel plates, whch secures os aang strength, 
combined with lightness, and gives a higher efficiency. 
The turbine shaft runs 200 revolutions per minute. 
The supply pipes, which are 42 in. diameter, are laid 
up the hillside at an angle of 21°, and the turbine is 
placed 15 ft. above the normal level of the water in the 
tail race, so as to be above flood water level, the fall 
below the turbine being utilized by suction pipes. The 
adjustwent of the turbine is brought about by a slide, 
worked from the hand wheel shown in the illustration, 
which moves over the guide ports, and opens or closes 
them in succession. By the use of this slide any num- 
ber of ports may be opened to suit the available water 
supply or power required, or the water may be shut off 
entirely. The angle at which the water enters the 
wheel is never altered, and the ports not covered by 
the slide are fully charged with water, which therefore 
works to the best advantage. For quickly starting or 
stopping the turbine, or to prevent it running over the 
required speed, should a number of stamps be thrown 
off at once, a throttle valve is placed in the suction 
pipes, and arranged to be worked from a convenient 
position close to the battery, so as to be under imme- 
diate control. We understand that this is the most 
powerful turbine hitherto made for the South African 
gold fields, and on account of the great cost and diffi- 
culty of transport of heavy pieces to the mines, the 
parts, whenever practicable, are made of steel or 
wrought iron, and the whole is mounted on a strong 
but light frame composed of wrought iron girders and 
cast iron cross bridges, arranged to be taken to pieces 








A THRE 
for transport, and easily bolted together on arrival at 
its destination on the banks of the Kaap River.—ZJn- 
dustries. 


SIBLEY COLLEGE LECTURES.—1888-89. 


THE CORNELL UNIVERSITY NON-RESIDENT LEC- 
TURERS IN MECHANICAL ENGINEERING. 


V. Pumping MACHINERY: ANCIENT AND MODERN.* 


GENTLEMEN OF THE SCHOOL OF MECHANICAL EN- 
GINEERING AND MECHANIC ARTs: I have been asked 
to appear before you at this time, and tosay something 
about pumps and pumping wachinery. Just what 
that something shall prove to be will be better known 
lateron. That it will be an account of all the various 
contrivances which in times past have been employed 
in raising water, would be as unreasonable to expect 
from me as it would be tedious for you to listen to. 

It would be interesting to know (were it possible to 
do so) in what particular line, and for what particular 
purpose, the talents of the inventor and engineer were 
first evoked and first used for the benefit of mankind. 
While it is fair to suppose that in the earlier stages of 
his existence, man sought to sustain himself mainly 
through his flocks and herds, and that he put off to the 
latest moment the task early assigned him of tilling the 
soil, and thus earning his living by the sweat of his 
brow, still the time did come in which he was obliged 
to come to our common mother, the earth, for that 
sustenance which, from that early day up to the present 


BY 


; moment, has so well nourished the teeming millions 


who since then have lived out their appointed time, 
and who have also rested at last in her embrace. 

As we look upon the splendid triumphs of the engi- 
neer and of engineering as seen all about us, and which 
in our vanity we are half inclined to deem perfection, 
we cannot but feel an interest in tracing backward 
their history, in order to learn when and how they 
began, and by what evolutions they arrived at their 
present state of excellence. 

Among the important and marvelous inventions of 
modern times is that of the locomotive ; and who is 
there that has seen in the far-off horizon that trailing 
white cloud which now floats in the air likea flag o 
peace in almost every land, and who, standing beside 
its highway of steel, has watched its approach, and as 
the limited express swept by with its long train of gild- 
ed palaces on wheels, has felt the earth to tremble be- 
neath him, has heard the wild shriek with which it 
swept around the curves, rumbled over the bridges, or 
plunged into tunnels, and has not been awed by the 
exhibition of the immense power displayed, and charm- 
ed with the skill which produced it in so small a space 
and controlled it with such unerring certainty’? Yet 
there died a few weeks ago, in the city of New York, 
a famous engineer of whom it may be truly said that 
he had stood beside this “fire bad ” when in its 
cradle. 

Sixty years ago John Ericsson, in connection with 
the Messrs. Braithwaites, of London, built a small loco- 
motive weighing about two and one-half tons, which 
was entered in a competitive test on the Liverpool & 
Manchester Railway, at the time the engines built b 
Hackworth, Stephenson and others were on trial ; and, 
while the ** Rocket,” built by Robert Stephenson, and 


* Delivered before the class of Mechanical Engineering of Sibley Col- 
lege, Cornell University, by J. F. Holloway, Past President of the Ameri- 
= ——— of Mechanical Engineers, and of the Civil Engineers’ Ciub of 

ve. . 














which weighed double that of the ‘‘ Novelty,” designed 
by Ericsson, won the prize, it was due wore to the 
shrewdness of the Scotch engineer in changing the ex- 
baust pipe. into the swoke stack of the * ket,” be- 
fore the trial was concluded, than to anything else ; 
for while this change enabled him to keep up the steam 
in his boiler more continuously than was possible in 
the other engines, the fact still remains that while the 
“* Novelty” had a head of steam of sufficient pressure, 
it was a much faster engine than the engine built by 
Stephenson, and which is now looked upon as the origin 
of the famous engines that accomplish such remarka- 
ble results on the railways of Europe and America at 
this day. 

So too may the magnificent steamships which have 
made ocean voyages but a ms Bee be traced back to 
the crude, experimental steam ts of a few years ago. 
What is true of locomotives and steamships is equally 
true of many of the machines and mechanical opera- 
tions of which we are now so familiar ; bat when we 
come to the appliances for raising water, we come toa 
process the first art of which lies hidden amid the 
misty records of the past. 

In looking upon the ponderous pumping engines 
which lift a volume of water equal to the flowof a 
river, sending it with each throbbing beat of their pul- 
sating plungers through the arteries and veins that 
now reach out in every direction in our great cities; 
bringing health, comfort, cleanliness, and protection to 
every home therein, we cannot but wonder what is the 
history of their beginning, what the process of their 
evolution from out the crude appliances of long ago. 
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It is, of course, difficult even to imagine in what par- 
ticular line of engineering the first wants of the human 
race would be likely to induce thought and invention. 
While it is probable that among the earliest occupa- 
tions to which man, by reason of circumstances beyond 
his control, was obliged to turn his attention, that of 
agriculture would naturally come first, still the fact 
that he began that work with the simple contrivance 
of a bent root of a tree, burned off to the right length 
would hardly entitle him to the appellation of * plow 
manufacturer,” at least as that term is now understood. 

So neither would it be proper for ns to call those 
who, in that day, first employed a contrivance for rais- 
ing water *‘ hydraulic engineers,” but in both cases it 
was a start in the right direction. 

While as shown in the case of the locomotive that 
its beginning was within the memory of men now liv- 
ing, it might also be shown that in very many other 
important inventions of the present day, that, if not 
made within the memory of men now living, they are 
of so recent a date that history readily traces their be- 
ginning, and points out their progress with a clearness 
and precision which adwits of no doubt. But not so 
of the invention of pumps and other contrivances for 
raising water. : 

Just who the first man was, and by what stream he 
sat gazing on his parched fields, on which the clowdiess 
skies of the Orient shed no rain, and where the early 
rising sun with eager haste lapped up the dew drops 
which the more kindly night in pity over his bard lot 
had shed, and who, looking on his withering grain 
stalks on the one side and the life-giving waters which 
flowed by on the other, first caught the ——. thought 
that if one could only be brought to the other, how 
great would be the harvest, we shall never know. 
Knowing, as we do, that such still is the problem that 
confronts the toiler on the plains of that far-off Eastern 
land where man’s necessities first prompted man’s in- 
vention, it does not require a great stretch of the im- 
agination to conceive of such a situation, and to be- 
lieve that, acting on the impulse of the moment, he 
called his mate, and tying thongs to the feet of a sheep- 
skin and standing on either side of the brook, with al- 
ternate swingings of the suspended skin they lifted 


f | the waters of the stream to the thirsty field, making 


its blanched furrows to bloom with vegetation, and at 
the same time introducing to the world the first hy- 
draulic apparatus ever invented, and certainly the first 
hydraulic ram ever used. 

It is not now my purpose, having now established, as 
I think, the early origin of the “hydraulic engineer,” 
to follow the history of his numerous contrivances up 
to the present time, or toenumerate the varied means 


adopted byyhim later on for accomplishing his purposes, 
through the study of which the hydraulic engineer has 
attained present high position and has been enabled 


to ey the marvelous results of these later days. 
Suffice it to say that in no branch of engineering is 
there reason to claim so early a beginning, so wide use 
and application, and such complete records as in this 
particular line. 

While the labor of the hydraulic engineer began 
early in the history of the world, and while it has in 
all ages exerted a marked influence on the progress of 
civilization ; and while the record of his achievements 
earved in stone are to be still traced amid the ruins of 
forgotten nations, and bear testimony to his skill and 
industry, it was left to the introduction of steam and 
the steam engine to widen the sphere of his usefulness, 
and enlarge the magnitude of his undertakings. 
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Almost the first application of the newly discovered | 
force in steam was in attaching it to pamps for raising 
water from out of mines; and, as these pumps had | 
previously been operated by the use of horses, a basis | 
was thus established by which the power of the steam 
engines was rated by the number of horses they dis- 
placed. 

So manifest was the economy of steam pumps over 
pumps driven by horses, even in the beginning, that it 
is no marvel that they were introduced as rapidly as 
they could be furnished with the limited supply of tools 
at the command of the engine and boiler builders of 
that day. 

To enumerate, even briefly, the variows kinds of 
pumping engines which have been constructed in the! 
past, and many of which have been famous, would be 
quite impossible ; and a description of their peculiar 
and prominent characteristics would be equally so ; but 
in order that what I may have to say of the new and 
latest inventions relating to steam pamps may be more 
readily understood and, as I trust, appreciated, I will | 
briefly explain some of the peculiarities of a few large | 
pumping engines, and the prominent principles in-| 
volved in their construction. 

Probably no large pumping engines in the past have 
held, and deservedly so, as high repute as have the| 
Cornish engines when used for deep mine pumping. | 
Their construction with the crude appliances at hand 
in those early days of engineering is not only a marvel, 
but as well a high tribute to the wonderful ingenuity | 
of those who designed them and to the skill of the} 
workmen who built them; and I faney there are few 
men now engaged in the manufacture of steam engines 
who would engage to build such massive machines with 
no other tools than were at the disposal of the Cornish | 
workmen in those days. 

The principle upon which the Cornish pumping en- 
gines were designed and built was so admirably adapt- 
ed to the purpose for which they were used that up to 
the present time I do not believe it has been improved 
upon to any considerable extent. This is, as [ well 
know, a statement in which all may not agree ; and in 
order that I may show reasonable grounds for such a 
belief, [ will briefly explain the purpose for which these 
engines were first constructed, and show wherein they 
met the requirements of the service they were built to} 
accomplish. 

The especial and particular use for which the Cornish 
engine was originally built, and for which it is so ad- 
mirably adapted, is the raising of water out of deep 
wines; and where the constantly increasing depth of | 
the workings necessitates the adaptation of the same 
engine to the increasing and changing loads thus 
brought on it. That this engine is adapted, with any 
great degree of success, to any other service, I have| 
not said. The principle upon which this engine is con- | 
stracted is, that the steam within the steam cylinder, 
under varying conditions of expansion, is used to lift a 
weighted pump plunger, which, when raised to the top 
of its stroke, and after a momentary pause, slowly de- 
scends and, by its weight alone, forces upward a 
column of water equalin weight to that of the deseend- 
ing plunger. 

The cutting off of the steam in the steam cylinder, 
during a portion of its stroke, and the economy pro- 
duced by the expansion of that steam, is made possible 
by the fact that the steam first admitted is of a pres- 
sure and power largely in excess of what is required to 
move the weighted plunger; and to the further fact, 
that this excess of power is stored in the mass of metal, 
or other weights, attached to the plunger, at the be-| 
ginning of its stroke, to be given out toward the end 
of the same stroke, and when the power exerted by 
the expanded steam in the steam cylinder has fallen 
below what would be required to wove the plunger, 
did it not derive assistance from the power previously 
stored in it. The length of the stroke of the piston 
“and of the plunger, in a Cornish engine, is determined 
alone by the operation of its steam, equilibrium, and 
exhaust valves ; so of necessity the pressure of steam 
used must be maintained at as near a uniform rate as 
possible, and the water raised must be under a uniform | 
head 

As used in connection with pumps in mines, the 
steam cylinder is placed at the top of the shaft or slope 
and the pump is placed in the bottom of the same, and 
near the body of water to be raised. The connections 
used to connect the steam piston to the pump plunger, | 
and which is usually done through the use of a mov- 
ing beam, are made of heavy timbers coupled together, 
and it is the weight of these connecting timber rods, 
added to the weight of the plunger and beam, that 
forms the weight which, lifted by the steam cylinder, 
raises the water column as they descend. 

As it would obviously be very difficult to always 
maintain the proper relation between the weight of 
the pump rods and plunger and the weight of the| 
water columns, there is attached to the upper end of 
these pump rods, by means of a bell crank or other- | 
wise, a large box in which stones or pieces of iron are | 
placed, to an extent that will waintain the proper dif- 
ference in the weight of the pump rods, to overcome the | 
friction of their guides and the friction of the waterin 
the delivery pipes ; so that the proper speed of the engine 
and pumps will be made controllable. Whenever it be- 
comes necessary to lower the pump in the mine, to suit | 
its deeper workings, new connecting timbers are added 
to those in use, and a readjustment of the weights in | 
the ‘“‘ balance bob” adapts the engine to the changed 
conditions of its service 

Ido not deem it important to deseribe the eocnttast| 
ties of the valve gear of the Cornish engine, and indeed | 
it would be very difficult to do so without the aid of a{ 
model or of drawings; neither shall I speak of the| 
economical performance of this class of pumping ma- | 
chinery except to say that, considering the tools used | 
in their construction when they were first introduced, | 
they did produce some most wonderful results. 

The next class of large steam pumping engines which 
have played an important part in the history of 
hydraulic engineering may be grouped together as 
*Rotative Engines.” What is here meant by the 
term “rotative” is engines in which there are parts 
which make complete and continuous rotary motion, 
and in which, in some way or another, there are used 
shafts, cranks, and fly wheels. 

These engines vary greatly in their design and in the 
details of their construction. They are of varying sizes, 
including some of the largest and most expensive in 
the world, As a general thing they are employed for 
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supplying towns and cities with water, and in some 
places for freeing shallow mines of water, 

The application of the power of the steam used in the 
steam cylinders in this class of engines to driving the 
plungers, or pistons in the age varies greatly, both 
as to the general design upon which they are built and 
in the detail of their construction. In some instances 
it is through the use of long or short beams, or bell 
cranks, sometimes through gearing, and occasionally 
through the plunger or piston of the pump direct ; but 
in all cases the limit of the stroke of the steam piston 
and of the pump plunger is governed by a crank on a 
revolving shaft. 

Attached to the revolving shaft is a fly wheel of 
greater or less diameter and weight, which, in addition 
to assisting the crank to pass the center at each end of 
its stroke, is employed to store up at the beginning of 
each stroke of the steam piston whatever excess of 
power or impulse there may be imparted to it, beyond 
that required to steadily move the water column, and 
to give out again, toward the latter part of the stroke, 
when the power of the steam is of itself below that re- 


quired to move the water column, the power previously | 


stored in it. In this respect the function of a revolv- 
ing fly wheel on a rotative engine is the same as is the 
weighted plunger in the Cornish engine; both being 
used for the purpose of permitting the steam to be cut- 
off at a portion of its stroke, in the steam cylinder, and 
expanded during the rest of the stroke. In short, 
these devices, as employed in both the classes of pump- 
ing engines described, were used in order that the best 


|}economy in the consumption of steam by means of 


early cut-off, and a high grade of expansion, wight be 
attained: a most desirable result certainly, and one 
which, up toarecent date, it has been impossible to 


| accomplish by any other means. 


The next class of pumps driven by steam to which I 
ask your attention are “* Direct-Acting Steam Pumps.” 
What is here meant as “ direct-acting” is a steam-driv- 
en pump in which there are no revolving parts, such as 
shafts, cranks, and fly wheels; pumps in which the 
power of the steam in the steam cylinder is transferred 
to the piston or plunger in the puwp in a direct line, 
and through the use of a continuous rod or connec- 
tion. 

In pumps of this construction there are no weights in 
the moving parts, other than that required to produce 
sufficient strength in such parts, for the work they are 
expected to perform, and, as there is consequently no 
opportunity to store up power in one part of the 
stroke, to be given out at another, it is impossible to 
cut off the steam in the steam cylinder during any 
part of its stroke. The uniform and steady action of 
the direct-acting steam pump is dependent alone on 
the use of a steady, uniform pressure of steam through 
the entire stroke of the pistoa, against a steady, uni- 
form resistance of water pressure in the pump; the 
difference between the power exerted in the steam 
cylinders over the resistance in the pump governing 
the rate of speed at which the piston or plunger of the 
pump will move. The length of the stroke of the 
steam piston, within the steam cylinders, of this class 
of pumps is limited and controlled alone by the ad- 
mission, suppression, and release of the steam used in 
the cylinders. 

In the brief description given of these three most 
prominent classes of pumping engines, no attempt has 
been made to describe any of the peculiarities of their 
general construction, beyond what was necessary to 
describe their action and the principles upon which 
they operate. Up to the time of the introduction of 
the direct-acting steam pump, all the other pumping 
machinery of the world then in use was the outcome 
of evolution. It had been developed by slow stages in 
which one engineer after another, aided by the experi- 
ence of others, and of his own, supplemented by his in- 
ventive faculties, added here and there slight improve- 
ments to which other engineers, with increased experi- 
ence, were enabled to add still other improvements, so 
that each new engine constructed under more favorable 
circumstances, and with increasing expenditures, was 
supposed to excel all previously built; until at this 


| time we have, as it is fair to suppose, pumping engines 


which combine all the wisdom of the past, and which 
leave little or no room for further improvements in their 
respective classes. 

The history of the “ Direct-Acting Steam Pump” 
differs from all others from the fact that it was the 
invention of one man, and was in the main perfected 
during his life time. It was so strikingly different 
from all that had preceded it, in that there was nothing 
in the way of precedent, either in ancient or modern 
practice, of which the inventor could avail himself by 
which to aid or guide him to success. 

As this invention is, as I have said, so strikingly dif- 
ferent from all that had preceded it in the line of 
pumping machinery, and as its origin and growth 
has taken place within the recollection of many before 
me, | trust it will not be deemed a waste of your time 
or a trespass on your good nature should I give a brief 
account of its invention and of its inventor. 


In the year 1840 a young man of twenty-three, the | 


son of a New York merchant, with no special training 
in the direction of mechanics, and with no opportun- 


| ities beyond those which come to any young man 


eager to learn, and with no incentive beyond the love 
of a profession he afterward lived to adorn, conceived 
the idea of applying the then somewhat newly discov- 
ered use of steam to the propulsion of canal boats. 

Looking back over all that since then has been done 
in that direction, by older and abler men, encouraged 
by the large reward offered by the State for its accom- 
plishment, and remembering, too, that up to this time 
it has never been made a commercial success, we shall 
the less wonder that this untrained son of a merchant 
also failed to make a successful steam canal boat. 
Fortunately his failure in that respect may well be 
forgotten, when we rewember that it was through the 
experiments then made by him that he discovered a 
pew method of using steam for pumping water ; and 
out of which there has grown an industry which in 
extent and importance takes high rank among the 
manufactures, not only of our own country, but in other 
countries as well, 

While this invention was by no means finished and 
complete in its first conception, and while the pump 
as first constructed was but a small affair, crude in its 
design and rough and unsightly in its finish, and was 
first used to furnish a small supply of feed water fora 
small boiler in a small experimental canal boat, it has 
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since grown iu coweliuess and in its proportions until it 
has come to take its place among the pumping plants 
of the world: and to-day, alongside of some of the 
largest and most noted pumping engines of England, 
may be seen direct-acting steam pumping engines, the 
outgrowth (and that, too, in few years) of the little 
boiler feed pump of the canal boat ; and which, taking 
up the loads of these massive and expensive machines, 
perform their work with an ease and economy that is a 
wonderment of all who see them ; while the simplicity 
of their construction, the lightness of their parts, and 
the reliability and certainty of their action has won 
most generous praise for and added new luster to the 
title * American Engineer.” 

To speak of anything done by this inventor outside of 
the pump he contrived, would be outside of my pur 
pose at this time; suffice it to say that, among the 
numerous Gifficulties he encountered in the construe- 
| tion of his steam canal boat, was that of supplying his 
| boiler with water while the boat was passing through 
| the locks, and while the main engine to which the feed 
|} pump (as then constructed) was attached was at rest. 
The only method then in use to accomplish this was a 
|stmall pump worked by hand. To work such a pump 
|involved not only hard labor on the part of the oper- 
|ator, but it also occupied his attention at a time when 
his services were greatly wanted on the bank of the 
}eanal, wrestling with the “ bow line” and the “snub- 
| bing post,” and in straining himself to open the swing- 
|ing gates of the locks. 
| It was while thus engaged in one or the other of these 
important operations, so essential to the successful 
|navigation of our inland waterways, that our young 
| marine engineer set his wits to work to contrive some 
way by which the labor required to supply the boiler 

with water could be dispensed with. 

After much study, and much ehalking on the deck of 
| the boat (for the “‘ Chalk Age of Mechanical Engineer- 
ing” had not at that time passed), and after mach whit- 
| tling of levers, arms, and connections, and the applica- 
|tion of “‘jiggers” of various kinds, by which he at- 
| tempted to make the piston of his steam cylinder move 

its own slide valve at the proper time, and in a manner 
| that should not only arrest the motion of the piston, 
but as well reverse its action, he finally succeeded in per- 
|fecting an arrangement which he ventured to put in 
| practice in the construction of a steam pump which 
|should be independent of the other machinery, self- 
| acting, and at all times available. How well he accom- 
| plished this may be best illustrated by a story he told 
|in after life, and long after he had become the famous 
|engineer and manufacturer he was. 
| He said: “ Among the first pumps I built was a 
| stnall one which, after much talking, I induced a man 
| to buy for supplying his boiler with water. After finish- 
| ing it and setting it up, it started off so well and ran so 
satisfactorily that I gave no further thought to it. Many 
years after, I bethought me of the little pump I had 
made, and I thought I would go and see if it was still 
|in existence. Hunting up the location and groping my 
way into the boiler room, I was, to tell the truth, much 
er pe to find the little pump jogging along just as I 
ad left it thirty years before. Seeing it working so 
| well and faithfully, I somehow fancied that I would 
like to own it again, so, finding the owner, I said to 
him that I would give him one of my best new pumps 
for it, and that I would take out the old pump and put 
| in the new one, and it should not cost him a penny ; 
| but it seemed the little old pump, by the faithful per- 
| formance of its duty during all! these years, had some- 
how wormed itself into the affections of its owner as 
well, and he spurned wy offer with contempt. After 
a long while, and a longer talk than it took to sell him 
the pump originally, and after adding to the new pump 
and new pipes a good large bonus, he was induced to 
part with the old pump, and I received it back with a 
proud feeling of satisfaction which I am sure can only 
be felt by one who in after life comes across some re- 
| minder of his youthful daysand of the struggles, trials, 
and disappointments through which he had passed ; 
|}and while the little old pump was to others only so 
| much of iron, and steel, and brass, it was ever so much 
| more to me.” 

At the head of a list consisting of two names only, 
| who, on the foremost pages of ‘‘ The American Society 
| of Mechanical Engineers,” are recorded as the ‘* Honor- 
|ary Members in Perpetuity ” of that large society, and 
| standing as well at the head of that long and increas- 
ing list of members who have accomplished their work 
on earth, may be seen the name of Henry Rossiter 
Wortkington, the inventor and original builder of the 
** direct-acting steam pump,” now in such universal use 
in all parts of the world where steam has to any great 
extent been introduced. 

The date of the first patent on direct-acting steam 
pumps was September 7, 1841. It was applied to a 
small pump used for supplying feed water to a steam 
| boiler, and consisted of one small steam cylinder con- 
nected to a force pump, and so arranged as that by the 
use of levers, trips, springs, and other connections be- 
tween the piston rod and the slide valve, the movement 
of the piston rod operated the movements of the slide 
valve to an extent that not only controlled the length 
|of the stroke of the piston, but reversed it as well. 
This pump was placed alongside of the steam boiler and 
was so connected to the boiler, by means of pipes, and 
levers, and floats within the boiler, that when the 
water fell below the proper point in the boiler, it would 
start the pump up, and again stop it when the water 
got too high. 

The inventor said he built a number of pumps so 
| connected and they worked remarkably well, ‘* but they 
proved dangerous just in proportion as they seemed re- 
liable,” because they did so well that it made the fire- 
men careless and inattentive. 

It is not my purpose to speak of the various arrange- 
ments of valve gear that were tried on these single di- 
rect-acting steam pumps, because although it all took 
place but afew years ago, in this rapid age of invention 
the changes that take place in a few years soon make 
ancient history of what has gone before. 

While the single-acting steam pump, as built by its 
inventor, had come into extensive use for feeding boil- 
ers, and supplying moderate quantities of water under 
moderate pressure, it still had features which were very 
objectionable, and which prevented it from being used 
for places where large quantities of water were required 
to be foreed through long lines of pipes. This objec- 
tion to the class of pumps just described grew out of 
the fact that the action of the pump plunger or piston 
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was ap intermittent one, that is, the column of water 
was started into motion at the beginning of each stroke, 
and came to a stand at the termination of each stroke ; 
thus not only making the flow of the water irregular, but 
also subjecting both the pump, the connecting pipes, 
and their joints to severe and often serious strains. 
Feeling how incomplete was an invention which did 
not provide against such results, Mr. Worthington de- 
voted much time and much studyin order to correct 
this trouble ; and a few om later on he brought out 
an improved pump which in its simplicity of parts, cer- 
tainty of action, and cheapness of construction more 
than rivaled the original invention itself. This pump 
is now universally known as the ** Worthington Direct- 
Acting Duplex Steam Pump.” 

In the wain, the construction of the steam ends and 
the water ends of the duplex pump differs but slightly 
from those of the single-acting pump; but the me- 
chanism which operates the steam valves is different, 
and the effect on the water column was marvelously 
different. This class of pumping wachinery is now so 
widely known and in cok universal use that a detailed 
account of its construction is not, I am sure, required ; 
sol willonly say that the principle upon which it oper- 
ates is this : 

Two pumps of similar construction are placed side by 
side, a lever attavhed to the piston rod of each pump 
connects to the slide valve of the opposite steam ecvlin- 
der: thus the movement of each piston, instead of oper- 
ating its own slide valve as in the single pump, operates 
the slide valve of the opposite cylinder. The effect of 
this arrangement is, that as the piston or plunger of 
one pump arrives at or near the end of its stroke, the 
plunger or piston of the other begins its movement, 
thus alternately taking up the load of the water column 
and producing a regular, steady, onward flow of the 
water, without the unusual strains induced by such a 
column when suddenly arrested or started into 
motion. 

While this invention of the ‘duplex steam pump” 
overcaine one of the greatest objections to the former 
single pump, there still remained in this class of pump- 
ing machinery one other difficulty which not only de- 
barred it from competing with other engines where a 
large quantity of water was required to be raised, and 
where the cost of fuel was an item of importance, 
but itas well prevented the pump from taking rank 
among the hydraulic appliances required in supplying 
towns and cities ; and to that extent placing it beneath 
the consideration of the noted hydraulic engineers of 
the country. But this machine had in it so many de- 
sirable features, and had so well filled so many of the 
requirements of the times, that it deserved and received 
the constant study and investigation of its inventor, 
who, fortunately, with the valuable aid of his associates 
in the management of his business affairs and of his 
shops, was now in a position to experiment and iim- 
prove as opportunity afforded or necessity demanded. 

The objection, however, which seemed inseparable 
from this particular class of pumping machines was 
the fact that the steam used in them could not be used 
economically. Thesteam applied to the propulsion of 
the plunger or piston of this pump wust be of suffi- 
cient quantity and pressure to overcome the height of 
the column of water on the pump, together with its 
friction through the pump and its connections, at the 
very beginning of the stroke ; and it must be main- 
tained, both as to its volume and its pressure, up to the 
very last part of the stroke. Any diminution either of 
volume or pressure during any part of the stroke 
would simply bring the pump to astandstill. This 
apparent inability to cut off the steam in the steam 
cylinder, and to complete the stroke of the pump by 
the aid of the steam remaining in the cylinder, and by 
its expansive force, had debarred the pump from com- 
ing into general use for large water works purposes. 
How this, the only remaining objection to their use for 
such purposes, was overcome, forms another chapter in 
the history of the ‘ Direct-Acting Steam Pump.” 

It was about the time when this question had assumed 
a most formidable importance, that the principle cf 
using steam in compound steam engines had engaged 
the careful consideration of the most emiment en- 
gineers of this and other countries; and, while this 
invention was by no means a new one, it was not un- 
til it was introduced in the designs and construction 
of marine engines that its merits were generally recog- 
nized. Its application to these pumps was soon made 
by the inventor of them, and while it was easily done, 
owing to their peculiar construction, its application 
produced a most wonderful result in their working, 
and their speedy introduction for water works use. 

The improvement consisted of adding another steam 
cylinder on the end of the one then in use, and in a di- 
rect line with it, the steam from the boiler first being 
used in the first and smaller cylinder, and at the end 
of the stroke of the piston being exhausted behind the 
piston of the larger cylinder on its return stroke. In 
this way the measure of the expansion of the steam 
used was the relation one cylinder bore to the other. 
Ordinarily this relation was four to one, the small cy- 
linder being the measure of the “ cut-off” as it is usually 
measured in steam cylinders, 

By this arrangement a much smaller steam cylinder 
for using the high pressure steam in could be used to 
do the same work, for in addition to the pressure of 
steam working full stroke in the small cylinder was to 
be added the pressure of the steam being expanded in 
the large cylinder. 

In addition to this, in large compound engines was 
added the further economy produced by using a con- 
oe to produce a vacuum in the large steam cylin- 

er. 

Adapting these newer improvements of the marine en- 
gine to what had previously been accomplished in the 
direct-acting steam pump, accompanied as they were 
with tasty designs, careful workmanship, and careful 
selection of material, they were at once brought up in 
size, capacity, and useful economy, alongside of the 
previously constructed rotative engines, which up to 
this time had held unchallenged supremacy in the 
large pumping plants of the old countries, as well as in 
our own. 

It was at this time that the man who had invented 
and built the little steam pump of the canal boat, who 
had watched its growth and development, had supple- 
mented one device after another to help it on through 
the trial period of its existence, had merged it at last 
into the dnal or duplex stage of its advancement, had 
added to it the compound feature, had seen it expand- 





ing in size and importance until, growing up and out 
of the day of smal — it had come to take its well 
earned place alongside those old and massive machines 
whose invention and origiu was lost amid the musty re- 
cords of the past—it was, I say, at this time, and of 
which any man might well have been proud, that his 
lifelong labors came to an end ; and loved by all who 
knew him for his gentleness of heart and kindly ap- 
preciation of those about him, honored as an engineer, 
respected as a business tian, and at, as it seemed, the 
culmination of his most ambitious ho he gave up 
the labors he so well loved, to take i. plage at the 
head of the column of which such distinguished en- 
gineers and business met as Scowden, Holley, Erastus 
W. Smith, and Peter Cooper so closely followed him 
from out the membership of a society they all did so 
much, while living, to establish. 

While this would seem to be a fitting conclusion of 
the story of the * Direct-Acting Pump,” and while it 
would be one I would gladly avail myself of, still to do 
so would be to leave a most important part of it untold. 
Speaking, as [ am, to a class of young men seeking 
within these college walls to acquire, not all the know- 
ledge of the mechanic arts, but rather seeking to ac- 
quire such knowledge, and such information as that, 
when you leave these halls of learning, you will be 
better fitted to learn in the busy activities of engineer- 
ing life what you cannot learn here, and what can only 
be learned as you each individually grapple with the 
real problems of life, I feel I would not have done 
justice to you, and to my subject, did I not go on and 
explain further to you the latest and, in many re- 
spects, the most important invention yet made in this 
class of hydraulic engineering. 

(To be continued.) 





A NEW FLEXIBLE CLOTH. 

AN improved method of making the classes of fabrics 
called twills, hopsacks, diagonals, and such like double 
or backed cloths, is the subject of a patent which was 
applied for a few weeks ago. The prince pal object of 
the invention is to produce the fabrics in such a man- 
ner that, in comparison with those generally made, 
they shall feel fuller and softer to the touch, and at 
the same time shall possess more elasticity. One 
method of manufacture is shown at Fig. 1 in dotted 
lines at d, which represent an additional warp called a 
tacking warp. In the making of the cloth, the warp @ 
is thrown on the face of the tabric, and the warp 6 on 





the back, thus two thin fabrics are produced ; but by 
the employment of the additional or tacking warp d, 
which runs between the two fabrics, they are stitched 
together as indicated by the dotted lines. The method 
of stitching or linking can be varied according to the 
make of cloth required. In combination with the ad- 
ditional tacking warp, an additional tacking weft 
thread, as shown by the black dots, e, in Fig. 2, can be 
employed, and, instead of making the cloths by means 
of the additional warp and weft threads as in Figs. 1 
and 2,the arrangements of the threads may be re- 
versed, as shown in Fig. 3, where f represents the 
warp, and g, h, and ithe weft, which will be under- 
stood by those engaged in making cloths generally, the 
additional tacking weft thread being indicated by the 
dotted line, h.—Jour. of Fabrics. 











WATER SOFTENING. 
By GrorGE E. DAVIs. 


MANY steam users have at last commenced to discern 
that the steam boiler is not the proper place in which 
to deposit the mud and filth from the feed water em- 
ployed in generating steam. To those of our readers 
who have discovered this fact for themselves no words 
or exhortations will be necessary, still there are wany 
of the old school still existent, and who have yet to be 
won over to the new regime. The softening of water 
on the large scale presents itself tous as two problems 
—one mechanical, tie other chemical—and it is only by 
a proper combination of the two that success can be 
insured. A water temporarily hard by reason of its 
containing carbonate of lime held in solution by car- 
bonie acid requires a treatment differing from that of 
water permanently hard by sulphate of lime, to say 
nothing of other constituents present in the various 
waters employed in producing steam. 

From “temporary” hard water the addition of lime 
water will cause the separation of the whole of the 
carbonate of lime held in solution by the carbonic acid, 
plus the carbonate of lime also formed by the union of 
this carbonic acid with the added lime. From perma- 
nently hard water, the addition of lime extracts no- 
thing save the carbonic acid which all waters contain, 
and perhaps magnesia, if these salts are present ; but 
the use of lime in every case requires the greatest care 
in manipulation, as it is easy to make the water worse 
than it was originally. 

Many processes have been devised from time to time 
in order to make hard waters suitable for boiler feed- 
ing. Some of them have been a nine days’ wonder, 
and on the tenth day the glory of their fame has van- 
ished. Many are the nostrums now in use for “ fetch- 
ing off scale,” the users not having yet learned the les- 
son that it is better to keep the scale-forming sub- 
stances out of the boiler in the tirst instance. Steam 
users should, however, know that without the active 
agents are used in definite proportion, easily ascer- 





tained by a chemical analysis of the water, the use of 


anti-incrustating agents is nearly useless, Uf all the 


substances, used as preventives of scale, the tribasic 
phosphate of soda is, no doubt, the best, but it is dear, 
comparatively speaking, and its combining weight is 
high. Next to this comes caustic soda, which forms 
the basis of most * boiler compositions,” and it would 
be well if steam users bought and used the pure and 
andiluted article themselves, as all the other added 
materials are of but little moment. We have already 
mentioned that the anti-incrustating agent must be 
applied to the feed water in due proportion, and this 
quantity is far beyond what wost steam users imagine. 
A few pints of a weak solution daily is of no more use 
than an expectoration, There is a certain minimum 
which must be applied. On the other hand, there 
must not be too much caustic alkali in excess, as in 
such a case the tendency to priming will be increased ; 
and further, the caustic alkali will act upon and destroy 
the brass fittings upon the boiler in a very short space 
of time. Carbonate of soda, either in the shape of 
soda ash or as soda crystals, has often been recom- 
mended to prevent incrustations in steam boilers, but 
it is not nearly so efficacious as caustic soda or tribasic 
phosphate of soda, as a simple experiment will prove. 

The softening of a water that has occupied my at- 
tention lately may well serve as an illustration of the 
foregoing remarks. I was asked to soften five millions 
of gallons per week of 144 hours. The water gave the 
following results upon analysis : 


GRAINS PER GALLON. 


Wate eNO 66 oa. eolcac¥ is 6 dtivandhwewcis 63°50 

Loss on ignition... ...6.....eeeeeeees «--. 18°00 

Chliorine.......... iGvbden acbiebsdolthlieeuied 3°23 

Hardness. ..... a deidelaquadsurbbubeeeiedame 36°00 
PARTS PER MILLION, 

DN i. ined ened ha eke aikdd dba 0°10 

Albuminoid ammonia............... veukel Se 


A further investigation showed me that the harden- 
ing constituents existed in the following proportions in 
grains per gallon : 


Carbonate of lime (held in solution by 


earbonie acid)........ ated mrinhablibidnitlae naan 5°20 
GG TIN 6.0 05.50.0+00000606. 0. sass 24°30 
on IRIE 6550604. W008 b -a0bdedi 
Magnesium chloride. .............-+..0.6+ 427 
sy I os, vais odmerel ne Cede 17°27 


The foregoing quantities show to the trained mind 
the magnitude of the operations which have to be per- 
formed. Five million gallons of water contain nv less 
than six tons of magnesium nitrate, or three hundred 
tons per annum. We will, however, look at it from 
another standpoint. The carbonic acid holding the 
carbonate of lime in solution does not merely exist in 
the proportion of CO, : CaCOs, it is much in excess of 
this ; in some well waters twice or thrice CO, to CaCO; 
—in such cases the carbonate of lime does not com- 
mence to precipitate until all the free carbonic acid in 
the water has been neutralized by a caustic alkali or 
alkaline earth. With some waters lime is a very 
useful purifying agent, but in this instance there 
would be no advantage in its employment. A very in- 
teresting series of experiments can be wade with the 
foregoing water. Take three separate portions of one 
gallon each. To the first (a) add 36 grains of pure car- 
bonate of soda, previously dissolved in a little of the 
water ; to the second (b) add 27 grains cf high strength 
caustic soda* (Allhusen brand); and to the third (c) add 
100 grains of tribasic phosphate of soda. If these ad- 
ditions be made in the cold, the different action of 
each will be remarkable: @ may possibly become 
opalescent to a slight degree, but no appreciable de- 
posit will occur even after twenty-four hours’ settling. 
The portion b behaves very differently : first it turns 
opalescent, and then there slowly deposits a bulky pre- 
cipitate, consisting of carbonate of lime, magnesia, and 
other impurities. The portion c, however, commences 
to precipitate the moment the phosphate is added, and 
in a very short time the deposit has settled to the bot- 
tom of the vessel in which it is contained, leaving, even 
with dirty water, the solution in the clearest possible 
condition. b 

We may now alter the physical conditions and ob-) 
serve the change. Place each vessel over a large Bun-: 
sen burner and heat to 70° C.; a throws down a small 
quantity of a sandy precipitate, b deposits a large 
quantity of a similar chapecten, while c does not differ 
much from b. If we continue to heat the water, as the 
carbonic acid is expelled from a so we get a larger pre- 
cipitate, but with 5b excessive boiling is not by any 
means necessary. We have thus arrived at several im- 
portant conclusions: (1) Softening with carbonate of 
soda (soda ash) requires to be done at the boiling tem- 
perature, and, therefore, must be effected in the boiler. 
(2) Softening completely with caastic soda only requires 
the water undergoing treatment to be heated to 80° C,; 
this can be done in the boiler, and the insoluble matters 
easily filtered off in an apparatus such as that of the 
Pulsometer Engineering Co. 

The water such as I have already given the analysis 
of would cost most probably about one half-penny per 
thousand gallons for pumping. The softening would 
cost more. The quantity of high strength caustic re- 
quired would be in grains per gallon : 


To decompose the sulphate of lime........ 14°4 
s“ vy iv ry “ magnesia. . O1 
“ “ * magnesium chloride.... 3°6 
“ “ “ “ nitrate..... 9°4 

Dated ibs ecdcicaes 27°5 


But some may say sulphate of lime is not decomposed 
‘by caustic code-thie is quite true—but the moiety of 
the caustic soda immediately becomes carbonate by 
combination with the excess of carbonie acid in the 
water, so that caustic soda may be said to be doubly 
effective—first it absorbs the carbonic acid, allowing 
the actual carbonate of lime to fall ; and secondly, the 
carbonate of soda so formed acts upon the ark rg of 
lime, producing carbonate of lime and sulphate of 
sod 


a. 

Caustic soda added to a boiler feed water will elimin- 
ate the lime salts, but I have not found it so easy to 
throw down the magnesia. Where a water contains 
much magnesia, I prefer a suitable mixture of caustic 





* The Newcastle Chemical Works Co. are now grinding this caustic and 
packing it in hermetically sealed tins of moderate size, 
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soda, carbonate of soda, and tribasic phosphate of soda, 
the quantities of which must be calculated from the 
results of the analysis of the water. To illustrate by 
an exact experiment, the water of which an analysis 
has already been given was treated with a mixture 
of— 

Caustic soda (77 per cent-). 

Carbonate of soda.......... ree 

Tribasic phosphate of soda. 


17 grains. 
17 “ 





‘ 
5 


The water contained in grains per gallon 


Before After 
treatment. treatment, 
Lime...... 12°9 0-78 | 
Magnesia......... 66 3°78 


having deposited 28°3 grains of a precipitate consist- 
ing of— 
Per cent. 


EE, eta w i abbr ake eruets GE rwibele ee 42°10 
Sdn win cree &-p-0ud ion eneerd 11°07 
Carbonic acid............ ee 33°24 
Sg ee 4°00 
MAMMIRG... 2.02200 6°20 
Phosphoric acid............ 3°45 


On such a quantity as five million gallons per week 28 
grains of dry solid matter per gallon would amount to 
no less than nine tons, or about 25 tons of semi-dry 
sludge. The quantity of high strength caustic soda 
required would be about nine tons weekly, so that the 
cost of purifying such a water as this would average 
3igd. per thousand gallons. This of course is an excep- 
tionally bad water to purify, but I hope I have suffici- 
ently indicated that purification may be effected at a 
price, and also what that price is. Nearly every water 
can be successfully treated in one way or another, the ex 
act process is a question for the chemical engineer. One 
word to the steam user: Do not use any of the secret 
nostrums, and do not endeavor to “fetch off scale,” 
but rather devote your energies to its prevention ; 
when seale is formed the mischief is done, it is too late 
then to apply the remedy.—Chem. Trade Jour. | 





MECHANICAL QUARRYING 
CUTTING. 

IN endeavoring to apply to stone cutting the con- 
tinuous action of the band saw, M. Paulus Gray, of 
Marseilles, found that a continuous blade possessed 
numerous practical disadvantages, and accordingly 
substituted an endless wire cord or asingle wire twisted 
upon itself. As with the so-called saws for stone the 
blade does not cut, but merely serves to draw along the 
wet sand which really does the work, so the wire 
cord merely serves as the vehicle for the sand and 
water, the former of which wears a groove in the stone 
but little larger than the diameter of the cord. This 
method is exclusively employed at two marble quarries 
in Belgium, and is also in use for quarrying various 
descriptions of stone, including granite, in several 
countries of Europe, as well as in Algeria and Tunis, 
not only subdividing blocks, but also sawing large 
masses out of the solid rock. For this purpose a cord, 
barely ‘4 in. diameter, composed of three mild steel 
wires, is made to travel at about 13 ft. per second, | 
while the diameter is reduced and the speed slightly | 
increased as the length of cut decreases for subdivision | 
of the blocks. 

The twist of the cord causes it, while running, to | 
turn upon itself, thus becoming worn evenly over its} 
whole surface, so that eventually it presents the ap- 

rance of a single wire but little larger than those 
which originally composed the cord. It is then ineap- 
able of carrying along the sand and water, but may 
still be used for fencing and a variety of purposes. Be- 
fore being worn out, however, acord 150 yards long is 
vapable of cutting to a depth of nearly 70 ft. in 15 ft. 
blocks, or of producing about 500 square feet of sawn 
surface in marble. Ina bloek of marble 15 ft. long the 
rate of cut is 4in. per hour, and in granite about 1 in. 
One endless cord, guided by grooved pulleys, may be 
made to cut at several different places, provided they 
be not too close together ; and, as there is so little sur- 
face in contact, a very small amount of motive power 
is required to drive. The tension is maintained by a 
weighted truck on an incline, and the feed is given by 
an endless screw rotated automatically in stone of uni- 
form texture, or by hand when irregularities are anti- 
cipated. 

In the illustrations Fig. 1 shows a plan of part of 
the Traigneaux Quarry, in the province of Nawur, 
Beizgium, where the process is exclusively employed 
for extracting the marble from the rock, as well as for 
reducing it to blocks and slabs, and Fig. 2 is a vertical 
section of the same. The size of the mass being sawn 
out at A is exaggerated for the sake of clearness. At 
B a perforator—which will be described further on— 
driven by a teledynawmie cord, is sinking a shaft for let- 
ting down the pulley carriers,CC. D D are posts 
carrying grooved pulleys for distributing the cords, a | 
double universal joint permitting the pulleys to assume | 
of themselves the direction of cord necessitated by 
each case. E E are weighted trucks on inclined planes, | 
for keeping the cords at the proper tension. The 30 
horse power engine, which is seen to the left of the 
illustration, not only serves to give motion to the cords 
for sawing and the teledynamiec cable for working the 
perforator, but also to drive a three-speeded winch 
capable of hauling a block of 25 tons, as shown at F, 
up theineline of one in seven. Fig. 3 is aside eleva- 
tion, showing at G G such blocks being further sub- 
divided on the surface, also by wire cord. 

Enlarged details of the above appliances are given. 
Fig. 4 shows an elevation, Fig. 5a plan, Fig. 6 a hori- 


AND STONE 





zontal section, and Fig. 7 a vertical section of the 
perforator. This consists of a hollow cylinder of 


the bottom with a serrated 
steel cutter, slightly thicker than the plate, so as 
to clear in cutting an annular space in the rock. 
Sand and water are allowed to run into the hole to as- 
sist the action of the cutter, and this agent will in all 
probability be relied on exclusively in future, in con- 
nection with a collar of soft iron superseding the steel | 
cutter. 

In the event of clogging, the cylinder is raised by 
the winch which forms part of the apparatus, and the 
cores are extracted in the same manner. The latter 
serve as columns, and the perforator may be of any | 
diameter, so as to produce the size of columns most ip 


boiler plate, shod at 
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demand. But as their diameter is decreased their num- 
ber must be increased, so as to produce a shaft of 
about 2 ft. 6 in. diameter, to receive ten pulley carriers. 
With a speed of 140 revolutions per minute the ad- 
vance is about lin. per hour. Fig. 8 shows the pulle 


carriers inserted in the shafts with the tension true 

and distributing post, while Figs. 9 and 10 give the| 
arrangement of guide pulleys, with universal joint | 
bearings. Figs. 11 and 12 illustrate the general arrange- 
into slabs; and | 
The pulleys | 


ment of a frame for sawing a block 
Figs. 13, 14, 15, and 16 give the details. 
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are loose on the shaft, so that each cord shall be inde- 
pendent of the others, and the distance between them 
is adjusted by collars. Fig. 17 shows the method of 
splicing the wire cord ; the splice isa very long one, 
and the ends of the wires all break joints. Fig. is 
gives plan and section of the footstep, on which runs 
the shaft, A, of Fig. 19, one of the four uprights of a 
frame for sawing slabs with screw for feed. Figs. 20 
and 24 show the method of wounting groove pulleys, f, 
on the plain druins, K, by means of screws, v. 

The surface produced by sawing with the cord is 
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truer than that ys blades, but not sosmooth. How- 
ever, the highest degree of polish is given by clamping 
down the slab to the reciprocating carriage of the ma- 
chine, shown by Fig. 22, and subjecting it to the action 
of the rapidly revolving plate set with amalgams of 
emery and various metals, iron being used for marble. 

For an annual production of 14,000 cubic feet of 
marble sawn to size, the Traigneaux Quarry only em- 
ploys thirty hands, all told, except in addition to the 
tive boys who tend the apparatus and give the feed. 
This process has formed the subject of favorable re- 
ports by M. Belpaire, president of the commission as 
to new processes for the Belgian government, and of 
M. Trouel, Engineer-in-Chief of Ponts et Chaussees, 
while it was awarded the first prize of progress at the 





THE PARIS EXHIBITION—STONE-CUTTING MACHINERY, TRAIGNEAUX QUARRY, BELGIUM. 


Brussels exhibition last year. The patents are held 
by the Societe Anonyme Internationale du Fil Heli- 
coidal, Brussels, of which M. Wilmart is managing di- 
rector.—The Engineer. 


A MODEL ELECTRICAL MANUFACTORY. 
By L. W. SERRELL, Jr., M.E., 1884. 


WHILE electric motors have been used for so-:ne time 
past for operating many small manufacturing estab- 
chenies there has never, to the writer’s knowledge, 
been installed a factory employing over one hundred 
men and depending upon electric power alone asa 
prime mover. Such, however, is the plant the con- 
struction of which the writer has recently superin- 
tended. This is the new factory of the ‘* U. bo.” 
— Motor Co., at 341 Greenwich Street, New York 

ity. 

The building is a thoroughly fireproof structure, 
built entirely of iron and stone. The floors are made of 
granolithic cement, with a slight slope draining to the 
center of the side walls to sewer connections, and may 
be washed down with a hose, or flooded in case of fire, 
with water taken from a 15,000 gallon tank on the roof. 
This tank also supplies the water necessary to operate 
the elevator, and receives its supply from an artesian 
well under the building. The walls are provided with 
conduits built in them for the electric wires. 

The electric power generating plant isin the basement, 
and the only possible means of distributing power 
around the building is through the wires which run 
out of the dynamo room. As the structure of the 
building does not allow of the running of belts from 
floor to floor, dependence is had entirely upon electric- 
ity as a motive power. 

The power-generating plaut consists of a 12 by 12 
inch Ball engine, belted direct to a No. 20 Edison dyna- 
mo, of 50,000 watts capacity, compound wound for 220 
volts ; the engine also drives through a countershaft a 
constant potential and a constant current dynamo used 
in testing. A central station switchboard is arranged 
beyond the dynamo, from the ‘*‘ bus” wires, on which 
are tapped independent circaits to each floor. At pre- 
sent four motors are employed, two of 344 horse power, 
one of 2 horse power, and one of 1 horse power; yet 
these small machines, fixed in out-of-the-way places, 
furnish power for 22 engine lathes, 8 drill presses of 
various sizes, 4 milling machines, 2 power presses, sev- 
eral iron planers, besides tapping machines, grindstones, 
emery wheels, and a 60 inch boring mill, making in all 
a total of about 45 machine tools. 

Power tests madein the engine room, when a full 
foree of men is working in the shops, showa load of 
22 horse power on the engine and an electrical output 
of 1334 horse power on the dynamo. This may seem 
incredible, but when we remember that every time a 
machine is shut down the motor is instantly relieved 
of that amount of work, and takes just so much less 
current, and the dynamo supplying less current takes 
less power to drive it, we can more readily see how 
such figures are not so improbable after all, especially 
in cases where the shafting load is light. 

In actual practice, probably not over half the ma- 
chines are doing actual work at the same time ; thus 
one man may be setting his work in position while the 
man at the tool next to him may have his machine in 
operation doing work. Hence in a carefully laid out 
shop, with short lengths of shafting, making a light 
friction load, there may be installed machines requir- 
ing, if all were worked at precisely the same instant, 
nearly double the amount of power represented by the 
motors installed. This is analogous to the case of an 
electric light station where the number of lamps 
placed on a circuit would require, if all were burning 
at precisely the same instant, more than double the 








amount of current that the generator feeding the cir- 
cuit is capable of supplying. 

A decided advantage is gained in this system of 
factory construction over the usual method of trans- 
mitting all the power by belting and long lines of 
shafting, by being able to run any small portion of 
the factory independent of all the rest. For instance, 
if the work is behind in one department, and it is 
becessary to work overtime, that particular department 
of the shop, havinga motor of its own, can run with- 
out running any of the machinery or shafting in any 
other part of the building; and thus a great saving of 
fuel can be effected over the old method, where it 
would be necessary to run all the shafting throughout 
the entire building. 








A diagram of current delivery from the Sypemne is 
given, the ordinates representing the ampere load, and 
the abscisses the time of day. In early morning and 
toward evening the curve is much higher, owing to 
lights being thrown on, but the power curve itself is 
nearly a straight line. The building is wired for 220 
lights, connected two in series, and each floor is provid- 
ed with a separate switchboard, to which the terminals 
of the various light circuits are brought. The circuits 
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are so arranged that the darker portions of the shop 
=a be lighted independently of the other portions. 

he building is heated with the exhaust steam from 
the engine, which exhausts into a 6 inch pipe that runs 
through the upper part of a large horizontal drum, 
used as a feed water heater, and thence up to the 
roof, where it exhausts into the air when not used | 
for heating. The u r end of the exhaust pipe is 





rovided with a ch valve which opens when the 
kk pressure reaches a certain amount. Valves are 


provided in this main pipe at each floor, through which 
the steam may be turned into the heating pipes. T' 
latter are arranged in a manner similar to the ** multi- 
ple are” system of electric lighting. A 4 inch pipe ex- 
tends along each side of the building and connects 
through the valve to the main exhaust ; elbows are 
provided every seven feet apart, from which run 8 inch 
pipes across the building, connecting the two 4 inch 
pipes together. The steam that condenses in these 
pipes returns to the feed water heater through asmaller 
pipe, which connects to a spiral tube submerged in the 
water in the drums. With this arrangement the back 
ressure on the engine never exceeds four pounds. If 
for any reason the back pressure should exceed this 
amount, the valve on the roof opens and relieves it. 

The C. & C. electric motors are built with inter- 
changeable parts throughout, all parts being finished to 
standard gauges and drilled in standard jigs, while 

estals and caps are milled with standard cutters, 
thus insuring an interchangeability of parts that could 
be realized in no other way. 

The writer hopes in the near future to be able to 
make efficiency tests of the actual power delivered and 
the fuel consumed, and also the efficiency of each trans- 
forming or transmitting device through the chain. 
From the practical standpoint the success of the plant 
has been unqualified. From the time steam was first 
turned on the engine until the present, not a single 
stop for repairs has been necessary, and frequently the 
shops are run fifteen or sixteen hours a day.— 
Indicator. 








LECTURE EXPERIMENTS.* 
By Perer T. AUSTEN. 


Simple Apparatus for Showing the Formation of 
Nitrogen Perowide, N:O., from Nitric Oxide, N1Os, 
the Solubility of the Former in Water, the Neutral- 
ity of Nitric Oxide, NOs, and the Acidity of Nitro- 
gen Perowide, NsQ,. 


THE following simple form of apparatus has worked 
very satisfactorily in my lecture room. A large cylin- 
der, best a 1,000 ¢, c. glass-stoppered graduated cylin- 
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der, is fitted wlth a double-bored rubber stopper, and 
provided with two glass-stoppered tubes. e tubes 
should not be over three-sixteenths of an inch internal 
diameter, and the long one may, if desired, be drawn 
to a jet about one-eighth of an inch in diameter. The 
cylinder is filled with water, to which has been added 
enough litmus solution and a drop of caustic soda (not 
almmmonia) to impart to it a deep blue color. The 
cylinder is next half filled with nitrie oxide, N.Os, 
which must be passed through a washer filled with a 
ten per cent. solution of caustic soda, in order to re- 
move all traces of acid and the peroxide, N.O., which 
might otherwise pass over and redden the litmus solu- 
tion. The rubber sto ox and tubes are introduced 
and pushed in tight. is is done in the a trough 
in the lecture room, care being taken that the coc 
are both open, so that the tubes may be entirely filled 
with water. After the stopper has been inserted, the 
cocks are closed and the apparatus lifted out of the 
water. The colorless nitric oxide, N.O., and the fact 
that it does not affect the litmus, are observed. 

Holding the cylinder in a vertical position with one 
hand, the cock of the long tube and the cock of the 
short tube are successively opened with the other. Air 
enters through the long tube, while the water flows 
out through the short one. The water is allowed to 
flow out until the change of color of the gas is appa- 
rent. The cock of the short tube and the cock of the 
long tube are then successively closed, the cylinder 
held horizontally, and the water allowed to flow to 
and fro several times. The red peroxide, N,O,, dis- 
solves in the water, forming nitrie and nitrous acids, 
and the gas becomes colorless, while the blue color of 
the solution c: to red. The cylinder is now held 
vertically, and the ends of both the tubes immersed in 
water. 


* Communications from the Chemical Laboratory of Rutgers College. 
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A cylinder filled to the brim with water is best adapted 
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inconsistence of the reaction, the same is rendered con- 


to this, as it allows the gas cylinder to be held well up | siderably tedious and unprofitable. 


so that it may be easily seen by all. 


of the cylinder. When the vacuum has been filled by 
the entering water, the cylinder is lifted up, thus re- 
moving the seal from the tubes, the cock of the short 
tube is opened, which allows more water to flow out 
and air toenter. The experiment is then repeated as 
just deseribed., 
made before the nitrie oxide, N.Os, is entirely con- 
sumed, The experiment is an unusually effective one. 
The apparatus may be made in a simpler and cheaper 
form by putting in place of the glass stop-cocks on the 
long tube a four inch piece of soft rubber tube, clamped 
at the middle by a pinch-cock, and in the short tube a 
Kronig valve. This form of the apparatus works in 
every way as well as the other, but is not so elegant. 


Experiments with Gaseous Hydriodic Acid. 


After some experimenting, | found the following 
mixture to yield hydriodic acid gas in abundant quan- 


tities: In asix ounce flask are placed 20 grammes of 
iodine, 5 grammes of potassium iodide, 2 grammes of 


red phosphorus, and 10 ¢. ¢. of water. The whole is 
well mixed by swirling the flask, and then gently 
heated. Assoon as the action begins, the flask is at 
onee thrust ander the cold water tap until the violence 
of the action ceases, which occurs in a few seconds. 
The mixture at once ceases to evolve the gas, but on 
heating will evolve a large amount, the evolution ceas- 
ing as soon as the heatis removed. It is well to pass 
the gas through an empty Silliman washer, in order 
that any of the liquid which may distill over may 
deposit. As a rule, if the heating is too violent, no 
distillation will take place till toward the end. Ves- 
sels can be easily filled with the gas by displacement, 
the level of the gas being ascertained by introducing 
a lighted wax lamplighter. 

Potassium chlorate placed in an iron deflagration 
spoon and heated to boiling, and introduced into a jar 
of the gas, takes fire and burns with a large red flame, 
forming clouds of iodine gas and crystals. The sides 
of the jar become rapidly coated with a deposit of 
iodine crystals. The reaction is, of course, simply a 
flame of oxygen in hydriodie aeid. 

Magnesinm.—I was in hope that magnesium would 
take the iodine away from hydriodie acid, but it does 
not. A piece of ribbon, when ignited and in full blaze, 
was dropped into the bottom of a cylinder filled with 
the gas. It continued to burn for an instant, and was 
then extinguished. There was, of course, some dis- 
sociation of the hydriodie aeid. 

Sodium, heated red hot and burning, was introduced 
into a cylinder of the gas, but behaved like mag- 
nesiuin. 

Nitrous oxwide.—The experiment is best performed 
by placing a cylinder of the hydriodic acid gas ona 


cylinder of the nitrous oxide, drawing the glass covers | 


and allowing the gases to mix. A white cloud forms 
which gradually becomes reddish. Drops of red liquid 
collect at the bottom, and soon the tubes become filled 
with a cloud of minute iodine crystals, which gradual- 
ly deposit on the sides. The red liquid is a solution of 
iodine in hydriodic acid, and soon deposits crystals of 
iodine. The water formed by the reaction dissolves 
some of the hydriodic acid, and this solution dissolves 
some of the iodine set free. The liquid gives off am- 
monia when treated with caustic alkali. The reaction 
appears to be N.O + 12HI=2NH,1 + H,O. 

The gradual separation aud deposition of the iodine 
makes an interesting phenomenon. The presence of 
almmonia in the deposited liquid should be demon- 
strated. 

Nitric acid gas, evolved from a mixture of granulat- 
ed potassium nitrate and sulphuric acid in a small 
flask, and allowed to issue from a bent-up glass tip 
having an orifice of about one-eighth of an inch in 
diameter, takes tire when introduced into the gas, aud 
burns with a fine red flame tipped with a halo of violet 
iodine gas and a cloud of minute iodine crystals. The 
sides of the vessel soon become coated with a deposit 
of iodine erystals 

Chlorine gas, evolving from the apparatus just de- 
seribed, takes fire when introduced into the hydriodic 
acid gas, and burns witha fine red flame resembling 
the preceding phenomenon. The stream of chlorine 
should be rapid, or else no flame, but only the separa- 
tion of iodine described by Heumann, will be obtained. 

Sulphur diowide wakes an effective experiment, and 
one which is particularly appropriate in demonstrating 
a chemical change between gases. The cylinder full 
of hydriodic acid gas is placed on the one containing 
sulphur dioxide and the glass covers drawn. The 
colorless gases mix, flashing out deep red, and the sides 
of the cylinders are at once covered with a deposit of 
iodine crystals.—Am. Chem. Journal. 


NITROGEN FOR LECTURE PURPOSES. 
By CHARLEs R. C, TichBoRNE, LL.D., F.LC. 


THE best method of preparing nitrogen for lecture 
experiments, or when required in a pure form, is un- 
questionably (in my opinion) based upon the decompo- 
sition of ammonium nitrite. That process possesses 
numerous advantages over all the others, It is suffi- 
cient to enumerate the simplicity of the reaction, the 
purity of the product, and the ease with which the 
experiment is performed. The apparatus required is 
a retort of the right size and a bent tube. 

For the last ten years I have been in the habit at my 
lectures of falling back upon this method when I came 
to the subject of the oxygen compounds of nitrogen. 
The symmetric manner in which this reaction harmon- 
izes with the production of laughing gas is most in- 
structive, and is a special inducement to use it as a 
lecture illustration. Here we have the production of a 
molecule of nitrogen by the splitting up of the nitrite, 
while the nitrate gives us a molecule of the monoxide. 


NH,NO.—2H,O=N,. 
NH,NO;—2H,.0=N,0. 


’ , ete. 


| 
| 


A statement in the article (Chemical News, vol. lix., | 
p. 135) runs as follows: ‘The action of potassium | 
nitrite, when heated in a suitable apparatus in adwix- | 
ture with ammonium chloride, produces when prepared | 
cautiously a moderately pure gas, but, owing to the 


The cock of the | 
long tube is now opened, when the water rushes up| desirable to give the modus operandi which | have| 
and spurts up as a fountain, usually striking the head | adopted, presuming that if the modifications and pre- | 


As this is contrary to my experience, I think it 


cautions which | indicate be — carried out, the 
experiment will turn out satisfactorily. 

Ten grins. of ammonium sulphate and ten grins. of 
sodium nitrite are mixed in a capacious retort with 40 


ce. ¢ of glycerin and 60 ¢. c. of water. The retort 


Four to six repetitions can usually be should be of the capacity of half a liter, or about 16| 


ounces. The retort is placed with the neck elevated 
to an angle of about forty degrees, so that the water 
may condense and fall back into the retort. A bent 


tube is fitted with a cork into the neck, and conducts | 


the gas into a wash bottle, or it may be collected at 
once for general purposes without washing. 

100 «. c. of water may be used in place of the mixture 
of glycerin and water, but it does not seem to work 
quite so regularly. Heat is applied directly to the 
retort, and the disengagement of free nitrogen begins 
at a temperature a few degrees below the boiling point 
of water. It steadily but rapidly proceeds—the tempe- 
rature generally rises a few degrees above the boiling 
point, but after a little time again begins to fall. A 
gentle but constant heat will, however, keep up the 
disengagement of gas until the nitrite is all decom- 
posed. It is Cesirable to slightly increase the heat 
toward the end of the reaction. 

There is nothing specially new in this process, except 


the substitution of the sulphate for the chloride, and | 


in the determining of the exact conditions under which 
| the experiment may be carried on successfully for class 
illustrations, or for the purposes of procuring pure 
| nitrogen with the least expenditure of trouble. If the 
reaction is pushed on very rapidly, ammonia will be 
evolved, and this phenomenon is most marked when 
using the chloride in place of the sulphate. If carried 
on slowly with the sulphate, no ammonia is evolved, 
but a trace of nitrogen dioxide is produced, which may 
be easily removed by washing with a dilute solution of 
permanganate of potassium. By carefully regulating 
| the temperature, almost pure and neutral nitrogen will 
| be evolved.—Chem. News. 
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Negatives, gelatine films. 111% | Powers, American, conference ~ Ships, armor for #11193 | Tie, railway, Hartford.... - soe. BLOM 
Negatives, stripping 10906 | Presses, forging Ships, battle, designs for #11090 | Ties, railway, steel ........ . . 11068 
Neuralgia, chioride of methy! in 10978 | Presses, plant. Ships, course of, determ ue 11150 | Tin.... eee ; 10886 
. : | Ships, German, at Samoa. .. #11240 | Tin, recovery of, from scrap. ... #11020 
Niagara Falls 10885 | Priestley, Joseph ’ | Ships of war, boilers for 11194 | Tin scrap, nails from , .. 11198 
— bird's eye view %10973 | Prince’s bridge, Melbourne 211063 ships of war, machinery 11047 | Tin from scrap vee 1005) 
Nicaragua Canal % 10904, % 10973 | Princess Josephine, steamer FLOW | ano. a -ruptio sa | Tobacco screenings, analysis. .. Lut . 
Nickel alloy, new 11057 | Printing processes, uranium 11le og ee ‘anne - oa | Tobacco, the use a pat sobaa a Yeast, manypnalons ~ — —— 
Nickel and cobalt 11110 | Printing-out process + 10957 | Sibley College _... 10863 | Tonkin, civil service in... . 10908 SE, SR, SAE Se x 10000 
Nitrogen for lectures 1120 | Prjevaisky, N. M 10963 | Sibley College lectures #10971 | Tonquin village . +e ee W11034 
Nitrogen peroxide #11249 | Projection, galvanometer for Millis ‘ LOOM), 211054, 11185, 11245 | Torpedo boat Gymnotus. ...-. 100852 
Nitrogen, preparation #11125 | Propeller for pleasure boats. *¢ 10989 | Siemens’ recording apparatus %11082 | Torpedo boat, No. 1 — %1L242 
Nitrogen of soil, loss 111089 | Pulsometer ‘ % 11244 | Signaling apparatus. %11083 Torpedo boat, No. 110 #112 
Nitro-glycerine 11157 | Pump, acid, simple #11158 | Siren, a, worked by hand 11083 Tower, Eiffel.. .... . %11000, 11207 
Nitro-glycerine manufacture. #11070 | Pump, gas ‘ . % 10867 | Skeletons of cetacea .. #10064 ~Tower, Effel, completion of .-- #12 
Numbers, favorite 11008 | Pump, steam #10952 | Skill in the heathen era 11038 | Tower, Eiffel, elevators of . 11099 | Zeiss’ objectives 


New York water supply #10840, 11130 | Pressure recorder, Kepteyn's 


Yeast apparatus .... 10961 


Yorkshire grease — 


Yorktown, gunboat......... % 10074 
Yueatan, cradle of man. 2610000) 
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